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This dissertation addresses the questions: Is there a link between 
environmental change, bison mobility behavior, and large-scale hunting? What 
were the mobility patterns of bison hunted in large kills during the Folsom and 
Goshen periods? What was the environment like? To investigate these questions 
I employ stable isotopes of bison bone from Paleoindian kill sites to reconstruct 
the grasslands. In addition I combine the isotopic analysis with trace element 
analysis of bison teeth to reconstruct the mobility patterns of these animals. 
These techniques are first applied to the robust and temporally continuous sample 
on the southern Plains providing a reference to create models to fill gaps in data 
on the northern Plains.  
This project develops a framework to understand hunting through the 
analysis of prey behavior and the environment during the Paleoindian period on 
the Great Plains. The focus of this research is temporal fluctuation of bison 
mobility and grassland structure. Success in hunting is directly linked to an in 
depth understanding of prey behavior (Frison 2004). Concerning archaeological 
investigation, in order to understand the hunting systems of Paleoindians, we 
must first be intimately familiar with the species and environment in which they 
hunted.  
The results of this research on the southern Plains demonstrate a change 
in hunting adaptation from the end of the Clovis period through the Folsom 
period that coincides with changes in grassland structure indicating 
environmental fluctuation. The northern Plains results provide data that define an 
 xiv 
environmentally stable period where little change is observed in bison behavior 





















Chapter 1: Introduction 
This project develops a framework for furthering our understanding of 
Paleoindian people by gaining an understanding of the prey species and the 
environment in which they lived. As any hunter will tell you (Frison 2004) in 
order to be successful one must be intimately familiar with their prey. In the case 
of archaeological investigation in order to understand the hunting systems of 
Paleoindians we must be intimately familiar with the species in which they 
hunted, and the environment in which they lived. This basic groundwork seems 
obvious but until recent decades the technology has not been present to delve 
deeply into this issue. This dissertation does just that.  
The southern Plains provide a clear trajectory of communal hunting 
development from the late Clovis period into the Folsom period. Initially I had 
hoped to trace this development on the northern Plains, however new dates 
provided by myself and the work of Waters and Stafford (2014) are drastically 
changing our ideas of chronology on the northern Plains during the Paleoindian 
period. This further demonstrates the key realization that we as researchers must 
step back and reevaluate what we thought we already knew about Paleoindian 
America.  
This research aims to further our understanding of how people change 
their adaptations when faced with dramatic changes in their surrounds. In 
particular, the purpose of this research is to determine what environmental shifts 
instigated the switch from isolated hunting to large-scale cooperative hunting 
seen to occur during the Pleistocene/Holocene transition (Bement and Carter 
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2010; Frison and Stafford 1982; Frison 1996; Kornfeld et al. 2010). Furthermore 
the results of this research demonstrate a shift in human and animal behavioral 
patterns seen to occur in fluctuating environmental conditions. Though I do not 
presume that environment is the only factor leading to large-scale change during 
this period I will argue that it is a major contributor.  
Through the theoretical framework of behavioral ecology this research 
compares and contrasts Paleoindian arroyo trap bison kill sites on the southern 
Plains to sites on the northern Plains to investigate the transition from 
opportunistic hunting to organized hunting under different environmental 
regimes. The Paleoindian period extends from 12,000 to 7,000 
14
C years before 
present (
14
C BP; Frison 1991; Kornfeld et al. 2010), though new discoveries and 
analysis lead to an ever-deepening time range. The methods employed include: 
stable isotopes of bison bone to aid in environmental reconstruction, radiocarbon 
dates to determine the antiquity of the sites being compared, and trace element 
analysis of teeth to determine migration patterns in order to relate hunting 
organization to bison behavior.  
In recent years a discussion has been broached concerning the application 
of the word communal to large kill events. When hunter-gatherer groups seek to 
find faunal resources they have two means of capturing their prey. The first is to 
go out in a small group or as individuals and kill a single animal, the second is to 
go out in larger groups and kill multiple animals at once (Frison 1978, 1994; 
Kelly 1995, 2013). Frison (1991) differentiated between communal kills being 
large-scale events and isolated kills being of the smaller variety. Bement (2003) 
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defined large-scale kills as containing over 10 animals and isolated kills 
contained under 10 animals. Were these events communal or were they carried 
out by smaller groups of people? For the purpose of this research I refer to the 
killing of numerous bison in arroyo trap kills as communal events. I use the term 
communal because the discussion of such large-scale events has typically used 
the term and rewriting terminology for the purpose of discussion seems a waste 
of effort and risks each researcher speaking in their own language.  
Bison Hunting Development 
 Significant adaptations in subsistence methods have often marked 
changes in the human condition. For example, the Broad Spectrum Revolution 
(15,000 
14
C BP in the Middle East and 12,000 
14
C BP in Europe) outlined by 
Kent Flannery (1969) or the later Neolithic Revolution (roughly 12,000 
14
C BP) 
outlined by V. Gordon Childe (1950) and Robert J. Braidwood (1975) provide 
cases in which dramatic adaptations in subsistence have drastically changed the 
way people inhabit the landscape. These drastic changes in human adaptation are 
often linked to changes in climate (Binford 1968; Henry 1989, 1995; Smith 
1995). Scholars have argued that those most likely to adapt new means of 
subsistence are those struggling to maintain the old ways (Binford 1968; 
Flannery 1973; Wenke and Olsewski 2007). While the Neolithic revolution was 
taking place in Europe different adaptations were underway in North America. 
Early Paleoindian hunters (11,000 
14
C BP and before) developed opportunistic 
techniques or encounter hunting, taking advantage of single animals such as 
mammoths at predictable locations such as watering holes. Examples of 
 4 
encounter hunting sites include Murray Springs (Haynes and Huckell 2007) in 
southern Arizona and Blackwater Draw (Hester et al. 1972) in northeastern New 
Mexico. These sites are prime examples of Clovis hunters opportunistically 
hunting in locations likely to attract animals.  
The focus of this research is the development from hunting of animals in 
opportunistic situations to the active manipulation of animals, in this case bison, 
into predetermined traps. The shift from opportunistic hunting to active 
organized hunting shows a change in hunting adaptation that coincides with 
environmental change. The changing environment favored the expansion of prey 
species’ population numbers at least locally beyond a threshold that made 
animals susceptible to manipulation by human hunters. The focus of this 
dissertation research is on the Folsom (11,000 – 10,000 
14
C BP; Kornfeld at al. 
2010; Meltzer 2006) and Goshen (10,450- 10,175 
14
C BP; Waters and Stafford 
2014) time periods when communal bison hunting develops and becomes 
prevalent across the northern and southern Plains.  
 Folsom and Goshen era organized hunting evolved with the 
amalgamation of certain attributes necessary to conduct communal kills. These 
attributes include: bison in large herds, a favorable topographic setting, and 
hunters in adequate number with adequate understanding of bison behavior 
(Carlson and Bement 2013). Evidence of these attributes is consistently 
represented in numerous bison kill sites dating from Paleoindian to Late 
Prehistoric periods (Bamforth 2011; Bement 2003; Bement and Carter 2010; 
Brink 2008; Carlson 2011; Cooper 2008; Kornfeld et al. 2010; Meltzer 2006). I 
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refer to this amalgamation of attributes as the communal hunting system. To test 
the hypothesis that the rise of organized hunting in different regions arose with 
the incorporation of increased herd size, favorable topographic setting, and a 
large number of available hunters, I compared six early communal hunting sites 
arrayed across the northern and southern Plains. The study of these attributes 
provides a model built on the southern Plains, expanded to the northern Plains, 
which can now be applied to other areas of the world to determine when 
conditions arise to support the development of organized communal hunting.  
 Environmental conditions must favor prey populations high enough for 
hunters to manipulate herds into traps. The focus prey animal in this study is 
bison.  Bison expansion is postulated to have occurred in North America 
following the extinction of mammoths and other large grazing animals, thereby 
reducing competition for grazing resources (McDonald 1981). In North America 
this expansion of the bison population occurred during the Younger Dryas 
(10,900 – 10,000 
14
C BP; McDonald 1981; Martin 2005). Paleoenvironmental 
reconstructions for the Younger Dryas indicate extensive environmental changes 
on a global scale (Ballenger et al. 2011). Similar reconstructions are required to 
understand changes in the carrying capacity of the paleolandscape.  
Paleoenvironments can be reconstructed from pollen analysis where available 
(Bement et al. 2007; Cummings 1996; Holloway 1993), and from stable isotopes 
in bones from Paleoindian arroyo traps (Connin et al. 1998; Larson et al. 2001; 
Meltzer 2006).  Stable isotopes indicate the diets of the animals prior to their 
time of death, and can be evaluated to reconstruct the paleoenvironment (DeNiro 
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and Epstein 1978; Hoppe et al. 2006; Schoeninger and DeNiro 1984; Tieszen 
1991).  
 Suitable topography is another necessary component of the system for a 
successful hunt (Brink 2008; Carlson 2011). Components of a favorable 
topographic situation include a drive lane along which the prey animal can be 
maneuvered from a milling area (e.g. grazing pasture) to a kill point (Carlson and 
Bement 2013). Reconstructing the paleotopography of arroyo trap systems can be 
difficult because the cut and fill cycles of arroyos often destroys much of the 
original channel used to trap the animals (Kornfeld et al. 2010). However even 
without clear reconstruction available all sites contained within this analysis are 
arroyo kills.  
 The accumulation of the necessary number of people was likely a factor 
in the successful execution of a communal bison kill and likely required 
aggregation of two or more groups. Extended family groups likely roamed the 
Plains throughout much of the year, with small bands reaching as many as 50 
when resources provided a means to sustain such numbers. An aggregation of 50-
80 people would have engaged in a large-scale kill event (Kelly 2013).  Hunter-
gatherers worldwide aggregate to exchange marriage partners, tools, materials, 
and ideas (Hollenbach 2009; Ingold et al. 1988; Kelly 2013; MacDonald et al. 
1999; Pennington 2001). The question, as far as I am concerned, is not whether 
or not Paleoindian hunters aggregated; it is where. Paleoindian bison kill sites 
provide an ideal indicator that an aggregation site is nearby. Predictable 
migration routes during the late summer to early winter coupled with the proper 
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landscape features provide a means for group scheduling and aggregations. 
Whether Paleoindian groups aggregated, or whether that aggregation is visible 
archaeologically has been debated in past publications (Conkey et al. 1980; 
Hofman 1994; Robinson et al. 2009).   
 Scheduling is necessary to provide the components for repeated 
aggregation around a large-scale animal kill site. Aggregation at a particular node 
on the landscape requires a surplus of food to support participating groups for the 
duration of the aggregation, in this case the bison hunt and subsequent butchering 
of the animals. In considering the use of communal bison hunts as the 
subsistence intensification required for repeated, planned aggregation, the 
immovable bison kill site serves as the node around which the aggregations could 
be planned and executed.   
Special landscape requirements necessary for a successful communal 
bison kill, include a bison milling area, drive path, and containment or kill 
structure (pound, jump, arroyo trap; Carlson 2011; Fawcett 1987; Frison 1991).  
Reuse of a successful kill site such as indicated at Head-Smashed-In (Brink 
2008), Vore (Reher and Frison 1980), Kutoyis (Zedeño 2014) and Cooper 
(Bement 1999) meet such requirements.  The special requirements of the kill site, 
especially the proximity to a bison population, anchor the system to areas where 
the requisite landform type (e.g. cliff or arroyo) are found where bison 
congregate or are concentrated such as along established migration paths.  An 
example of the convergence of a topographically suitable kill opportunity along 
prey animals’ migration route was identified at Trappers Point, Wyoming, where 
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pronghorn antelope were communally harvested at a natural constriction along 
the migration route (Francis and Widman 1999; Miller and Sanders 2000). An 
example of bison kills distributed along a known bison migration path is found at 
the Bad Pass Trail, a segment of the Big Horn bison migration route that 
traverses western Wyoming, Montana and possibly extends into Alberta, Canada 
(Carlson 2011; Wisehart 2005).  
I operate under the assumption that on the Plains, arroyo traps served a 
similar role as a node of activity.  For this to occur, a predictable bison presence 
must be demonstrated.  Southern Plains bison experienced a behavior shift from 
isolated resident herds during the late Pleistocene to herds following an east-west 
migration pattern during the Younger Dryas first proposed by Graves (2010) and 
further supported in Chapters 6 and 7 of this dissertation.  This restructuring of 
bison behavior and movement provided a predictable location and season for 
bison presence on the landscape. By Folsom times, large numbers of bison would 
predictably be along the Beaver River in northwestern Oklahoma during the late 
summer and early fall, setting the stage for aggregated social groups and 
communal hunting strategies. In this analysis I compare six sites (Figure 1.1). 
The three southern Plains sites are part of the Beaver River kill complex of 
northwestern Oklahoma which contains three arroyo trap kill sites; Cooper 
(34HP45; Bement 1999), Jake Buff (34HP60; Bement and Carter 2010), and 
Badger Hole (34HP194; Bement et al. 2012). The northern Plains sites are Mill 
Iron, Montana (24CT30; Frison 1996), Agate Basin, Wyoming (48NA201; 
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Frison and Stanford 1982; Hill 2008), and Carter/Kerr-McGee, Wyoming 
(48CA12; Frison 1984).  
This project focused on the reanalysis of previously excavated materials 
through the application of new techniques in order to aid in furthering the 
understanding of Paleoindian hunting. Migrating herds are one key component of 
the kill system proposed above. They provide a predictable node on the 
landscape in which a large number of prey animals and a favorable topographic 
setting can provide a planned meeting place for people to carry out communal 
hunts resulting in the procurement of multiple animals and the resources they 
provide. The trace element portion of this analysis seeks to determine the extent 
to which Paleoindian bison hunters focused on migratory herds as opposed to 








Figure 1.1. Spatial relationship of sites A) across North America and B) in the 
Beaver River Complex. 
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Trace element analysis on bison teeth can be used to determine migration 
patterns of animals, based on variation of elements in teeth. The trace element 
analysis tested the 3
rd
 molar or 4
th
 premolar of bison found in bison kill sites in 
order to determine the territory of the bison hunted. In addition modern samples 
from isolated bison herds were also analyzed in order to gain a comparative 
dataset of trace elements. LA-ICP-MS is a high precision microscopic sampling 
technique (Speakman and Neff 2005) that allows minimally destructive sampling 
at the microscopic level. This precision allows sampling of individual enamel 
rows. For these purposes samples were collected at one location and then move 
to another location further down the tooth face (see Chapter 4). The separation 
between each down tooth sampling location represents a known time interval. In 
this fashion, it is possible to obtain an elemental signature at specific time 
intervals, representing the various places on the landscape visited by the bison in 
a yearly cycle of their lives.   
 Northern Plains kills generally occur later in the year than southern Plains 
kills in the Paleoindian period (Frison 1996; Frison and Stanford 1982; Hill 
2008; Kornfeld et al. 2010). The seasonal disparity could indicate that dissimilar 
environmental zones offer different optimal periods for communal hunting. The 
herd demographics are also important to take into consideration in conjunction 
with seasonality. Bison aggregate during the summer rut but split into sexually 
segregated herds for the remainder of the year. Male bison in full rut are difficult 
to drive making summer an unlikely time to successfully manipulate herds 
interspersed with bulls (Brink 2008; Frison 2004). Cow/calf herds are easier to 
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manipulate during non-calving seasons, especially during late summer through 
the winter when herds follow a lead cow. Seasonality and herd demographics 
were compared and contrasted between the three southern Plains and three 
northern Plains sites in order to fully understand the similarities and differences 
that occur between these distinctive geographic areas.  
 This chapter summarized the overall project outlined in this dissertation. 
Chapter 2 contains the theoretical background that structures this research. 
Chapter 3 provides the background of site history and environment, as well as a 
brief summary of the Paleoindian studies included in this study. Chapter 4 
provides background for the methods. Chapter 5 describes the methods employed 
to address the research question, and Chapter 6 provides the analysis. Chapter 7 
outlines the conclusions and results of this research. In brief the data collected 
provides evidence to support human aggregation for large-scale kill events taking 
advantage of largely migratory animals. The shift from small-scale isolated kills 
to large-scale organized kill events does seem to co-occur with drastic changes in 









Chapter 2:  
Theoretical Perspectives and Models of Bison Hunting 
In this chapter I outline the background of bison hunting, and discuss the 
history of the theoretical approaches applied to the study of large game hunting. 
This section provides the framework in which this study is grounded. This 
research falls under the broad category of Behavioral Ecology, which focuses on 
social adaptation in relation to fluctuations in environmental circumstances (Bird 
and O’Connell 2006; Kennett 2005; Kennett and Winterhalder 2006; Surovell 
2012; Winterhalder 2001). I argue throughout this dissertation that in order to 
understand the hunting practices of Paleoindians we must first understand the 
prey species being hunted and the environment in which they lived.  
Broader Theoretical Developments in Large Game Hunting 
 Here, I briefly outline the history of theoretical applications to large game 
hunting leading to Behavioral Ecology, which provides the framework for this 
analysis. The economies of pre-agricultural, hunter-gatherer societies were 
studied early in anthropology by 19
th
-century social evolutionists such as Tylor, 
Morgan, and Engels (Smith et al. 1983:625). The social evolutionists' early 
methods of constructing “stages” of cultural development were overturned by 
anthropologists’ later reaction against grand evolutionary schemes (Smith et 
al.1983:625). New approaches, proposed by Julian Steward’s works (1933, 1937, 
1955) on hunter-gatherer subsistence and social organization, focused 
predominantly on ecological modes of adaptation. Supported by the cultural 
ecological framework proposed by Steward, studies of bison procurement 
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progressed along with archaeological theories from a focus on collecting artifacts 
before the 1920s to a broader focus on bone beds, processing sites, and campsites 
in the 1960s through the 1980s and continuing today (Frison 2004).  
 Karl Butzer (1982) dedicated a chapter of Human Ecology in 
Archaeology to the study of faunal assemblages as they relate to large game 
hunting. He outlined the necessity to cross theories from biology and zoology in 
order to better understand the fossilized remains of archaeological faunal 
assemblages.  In the 1980’s zoo-archaeology was considered a new and rapidly 
expanding subfield of archaeology:  “In the elucidation of prehistoric subsistence 
patterns, the higher aspiration of faunal analysis is to study the relationships 
between people and animals as they interact spatially and as their patterns change 
through time” (Butzer 1982:191).    
Optimal Foraging Theory  
 In the 1970s the application of optimal foraging strategies to hunter-
gathering societies developed within the theoretical framework of behavioral 
ecology (Winterhalder and Smith 1981). Optimal foraging theory assumes that 
people hunt game or forage for plant resources depending upon the expense of 
those activities; the least costly method of obtaining calories would be preferable, 
and most adaptive. If hunting requires more calories than what is obtained, then it 
is not an optimal method of obtaining calories. One critique of optimal foraging 
theory is the tendency of researchers to abandon theory altogether and focus only 
on empirical data (Smith et al. 1983:625). Most foraging models assume that 
foragers will maximize “the net rate of return (of energy or nutrients) per unit 
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foraging time” (italics original; Smith et al. 1983:626). Optimal foraging models 
consider diet breadth, patch choice, time allocation, foraging-group size, and 
settlement pattern to address the variables of what to hunt, where to obtain it, 
how long to forage, with whom and where to live (Table 1; Smith et al. 1983).  
Such models could be applied to hunting as well as gathering subsistence 
strategies. However, when considering the !Kung in Africa, Lee and DeVore 
(1968, 1973) argued that plant resources were more easily accessible, provided 
more reliable nutrition, and had a lesser caloric cost than resources obtained by 
hunting. According to Lee (1968:3), hunting is a risky and unreliable means of 
obtaining nutrition and noted that the !Kung collect 60-80% of their diet from 
vegetable sources. Lee’s work provides a classic example of “general models” 
which describe all hunter-gatherer cultures as if they share the same cultural 
attributes (Smith et al. 1983:625). General models overlook the diversity of 
adaptive responses available to cultures thereby providing an additional criticism 
of optimal foraging theory. 
 In contrast to Lee, Marvin Harris (1979), an American anthropologist 
well known for his work on cultural materialism, argued instead that hunter-
gatherers world-wide chose plant resources only during times of large game 
scarcity because large game provides the better source of nutrition and greater 
return on expenditure. Archaeological findings on the Plains of North America 
show that hunter-gatherer communities hunted large game and foraged plants 
(Kornfeld et al. 2010; Waguespack and Surovell 2003). Later research suggests 
that bison scarcity does not appear to correlate with an increase in foraging 
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(Kornfeld et al. 2010; Waguespack and Surovell 2003). Bison meat enabled 
many groups to survive long winters with scarce plant resources.  
 Optimal foraging theory created a solid basis of study early in 
archaeology, and remains applicable to archaeological study today (Broughton 
2012; Table 2.1). Optimal foraging theory has been criticized for simplifying a 
much more complex process of human behavior (Gurven and Hill 2009; Pierce et 
al. 1987; Sassaman and Randall 2012:22; Zeder 2012). Despite the adaptive 
strategy of foraging optimally, people routinely behave in sub-optimal, 
unpredictable patterns (Keene 1983). Optimal Foraging also assumes a complete 
understanding of the resources available to hunters and gatherers in the past, 
which is particularly problematic when dealing with a non-analogous 
environmental system like that found during the Paleoindian period in North 
America.  
 Although hunting has been criticized as being a costly method of 
obtaining calories (Speth 2010), no empirical data has been analyzed in North 
America that accurately measures the benefits of a communal large game hunt 
such as a communal bison kill. A communal bison hunt would require extensive 
human resources. However, it is argued (Bamforth 1988) that the amount of meat 
and resources obtained during a communal hunt outweighed the resources 
invested in the event assuming the kill is successful. Killing numerous animals 
the size of bison individually would cost far more in terms of human time and 
resources than the killing of many animals in a single event (Bamforth 1988).  
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This dissertation continues this research to include kill sites within North 
America, focusing on the Folsom and Goshen time periods, when adaptation to a 
changing environment changed the methods used by large game hunters to 
procure resources. Hunting shifted during this time from opportunistic hunting of 
mammoth to planned communal hunting of bison.  
 
Table 2.1. Optimal foraging theory models, published by Smith et al. 1983. 
 
 
Communal Bison Hunting 
 In this section I provide background on bison behavior and bison hunting 
to better clarify the system to which these theories are applied. Communal bison 
hunting was successfully conducted for thousands of years across the Plains of 
North America (Bamforth 2011; Bement 1999, 2003; Bement et al. 2012; Brink 
2008; Frison 1976, 1978, 1973, 1984, 1991, 1996; Kehoe and Eyman 1973; 
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Reeves 1990; Verbicky-Todd 1984). Bison kill sites provide some of the oldest 
evidence for communal hunting in North America. Bison jumps, arroyo traps, 
and pounds (corrals) appear in the archaeological record as early as 11,000 
14
C 
BP (Frison 1978:147) and continue to the introduction of horses and subsequent 
overhunting of bison in the 1880s. During the early development of the kill 
technique large game hunters had to adapt to a rapidly changing environment 
(Frison 1978; Jodry 1999; Meltzer 2006).  
 Many factors are necessary for a successful bison hunt, and these factors 
had to be taken into consideration by prehistoric hunters and archaeologists to 
gain the most accurate understanding of how bison kills took place. Through 
generations of hunting, prehistoric people gained an extensive knowledge of their 
environment and prey behavior in order to successfully develop communal kill 
techniques. However, change does not typically occur slowly through time. 
Innovation requires a trigger. In the case of communal hunting I believe this 
trigger to have been a drastic environmental change and changes in prey species, 
from mammoth to bison because hunters had to adapt to the rapid change of 
b=prey species during the mass extinction of mega fauna. Researchers when 
studying a bison kill must therefore consider environment and bison behavior.  
Hunting Behavior and Animal Behavior: Hunters and Prey 
 To understand bison kills in the deep past one must take time to address 
the first concern of many large game archaeologists. Are Bison bison antiquus 
anything like modern Bison bison bison roaming the Plains today? If they are we 
can begin to draw conclusions between the ways in which both species have been 
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hunted. How can we determine if a species extinct for 5,000 years behaves 
similarly to the modern species hunted by later Native groups? Paleontologists 
turn to living descendants to determine behavior of extinct species (Guthrie 1970; 
Kurten and Anderson 1980; Martin 2005). Further, the archaeological record 
indicates that bison hunting has had similar components throughout prehistory 
(Bamforth 2011; Carlson and Bement 2013; Frison 1998; Kornfeld et al. 2010; 
Reeves 1990). These components are explained below. This provides the basis 
for my argument that bison behavior is ingrained in the species from deep 
prehistory to today, with much of that behavior being rooted in herd animals 
across species. This validates the use of bison observation throughout time as 
well as gives a means to understanding animal behavior from ethnographic 
accounts as well. In general most bison kills have three components; one a bison 
herd milling area (an area of wide open land, good water that can support a large 
herd), two a drive area typically marked by cairns in the case of jumps and 
pounds as discussed below, and three arroyo walls in the case of arroyo kills, and 
a kill area (Brink 2008; Carlson 2011; Carlson and Bement 2013). Frison (1987, 
2004) argues that the key to understanding hunting behavior is to understand the 
prey being hunted. Frison (1987, 1991, 2004) outlines the use of sand dunes, 
arroyos, pounds, and snow drifts in hunting bison which all provide perfect traps 
that take advantage of the bison behavior I outline below.  
In addition to similarities in hunting techniques of bison there are a wide 
range of similarities in hunting techniques of large game herd animals world-
wide which also strengthens the argument that large game herd animals maintain 
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certain behaviors that make them susceptible to human predation. Caribou hunted 
in the Old World and New World as early as the Upper Paleolithic and as 
recently as by modern reindeer herders share similarities to bison hunting 
(Jackson and Thacker 1997; Reeves 1990). These herd animals are run into 
preset traps, or rivers in order to trap and kill large numbers. Gazelle and sheep 
are also trapped by similar means archaeologically (Frison 1971). 
Bison as Herd Animal 
 North American Great Plains humans hunted three subspecies of bison: B. 
bison antiquus, B. bison occidentalis, and B. bison bison (Frison 1987:183; 
Wilson 1974). The extinct B. bison antiquus and B. bison occidentalis evolved 
into the modern-day B. bison bison (Frison 1987; Wilson 1974, 1996). Compared 
to modern bison, the extinct subspecies had larger bodies, wider horn spans, and 
more massive horns (Frison 1987:190; Guthrie 1970:12; McDonald 1981). Bison 
are aggressive, agile, and fleet of foot. They have poor eyesight and a well 
developed sense of smell (Brink 2008; Frison 1987; McHugh 1958). Modern 
male bison can reach 1.8 meters tall and weigh more than 900 kg, making them 
the largest herbivore on the Plains of North America (Arthun and Holechek 
1982:123). Bison agility enables quick response to threat. Their hostile nature 
and imposing size make bison difficult to hunt, particularly in herds.   
 Ethnographic studies indicate that the bison life cycle played a crucial 
role in the hunt (Brink 2008; Verbicky-Todd 1984), which I discuss further in the 
following section. Cows and bulls travel together only during rutting season. The 
rest of the year, bulls and cows split into male herds and female herds with 
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calves. Bison cows typically become pregnant during the late July through early 
September rut, giving birth in April or May after a nine-month gestation period 
(Berger and Cunningham 1994). Females carry more fat throughout the year, 
making them the prime hunting target. Bulls carry more fat going into the rutting 
season, but in that season hormones render the meat undesirable, on the verge of 
being inedible (Audubon et al. 1846; Brink 2008; Speth 2010). Males were eaten 
only in dire situations (Ewers 1958:76).  
 Studies conducted at archaeological sites indicate that most successful 
bison kills occurred in the late summer/early fall on the southern Plains and late 
fall/early winter on the northern Plains (Bement 1999; Brink 2008; Frison 1996), 
when cows had formed their own large herds and bulls had separated into smaller 
herds. Through the study of herd demographics at archaeological sites 
archaeologists have been able to confirm that Bison bison antiquus group in 
cow/calf herds for most of the year as do modern bison (Bement 1999; Bement 
and Carter 2010; Bement et al. 2012; Frison 1991; Frison and Todd 1987). 
Birthing patterns are also consistent with modern bison herds, making tooth 
eruption a viable means of obtaining the season of the kill (Frison and Todd 
1987). 
Ethnographic Record of Bison Hunting 
 Understanding that bison herd dynamics and behavior has not changed 
dramatically through time I look to the ethnographic record of bison hunting on 
the Plains to inform the details of bison hunting. Keeping in mind the limiting 
factors of ethnography including ethnocentrism, and the incomplete nature of the 
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ethnographic record, (Kelly 2013:167), what can we learn about Plains hunters 
during the fur trade years ranging from 1600’s and climaxing in the late 1890’s? 
We know that Native populations were greatly diminished with abundant 
accounts of sick and dying individuals (Cocking 1908). We also know that 
Native hunters commented repeatedly concerning the dwindling numbers of 
bison present on the Plains (Hendry 1907; Henry and Thompson 1897; Lehmer 
1963; Lowie 1922).  
 Verbicky-Todd (1984) collected an exhaustive record of ethnographic 
data on the Canadian Plains, which indicated similarities in hunting techniques 
across the northern Plains during the Late Prehistoric. Tribes such as the Omaha, 
Blackfeet, and the Assiniboine carried out bison kills in the form of pounds. A 
bison pound is a human-made enclosure usually constructed with heavy wood 
and draped with hides or brush to cut off the view of the outside (Brink 2008; 
Frison 1998; Verbicky-Todd 1984) taking advantage of bison’s poor eyesight. 
Pounds were often placed just over hills, or below shallow drops on the 
landscape where bison would not be able to see the structure until they were 
contained within it. Another less commonly ethnographically documented type 
of kill is the bison jump, which appears as a wide-ranging, highly successful kill 
technique throughout the archaeological record on the northern Plains for 
roughly 5,000 years (Brink 2008).  
Although the use of pounds is well documented in the ethnographic 
record, the use of the jump technique is only mentioned by native hunters and 
seldom if ever witnessed by ethnographers (Brink 2008). Many factors of bison 
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behavior are apparent when analyzing these kills. Bison have poor eye sight and 
modern bison can be contained in quite flimsy structures despite their strength, as 
long as they cannot perceive a means of escape. Ethnographic accounts of bison 
pounds indicate that bison often will not touch the walls of the enclosure unless 
they see a hole in which case they will smash through the enclosure, spoiling the 
kill (Ewers 1955; Henry and Thompson 1897).  
A Bison Kill Beginning to End, Based on Ethnographic Data 
The bison kill from beginning to end as we know it from ethnography, 
based on pounds and jumps, is outlined here. Based on numerous ethnographic 
accounts bison kills share certain similarities. One appears to be a high rate of 
failure. This may be due to the depleted number and size of herds, but more 
likely it indicates the delicate nature of a mass kill event, where large portions of 
a herd are killed. Groups join together to engage in kills although sometimes, 
individual bands would attempt to pound bison without the aid of neighboring 
groups (Hendry 1907; Verbicky-Todd 1984) with varying levels of success.  
Numerous rituals are associated with the bison kill and many ritual 
observances were followed. One steadfast rule was that no man would hunt a 
bison during the period preceding a planned kill. This was a strictly adhered to 
rule in which offenders were severely punished by having their belongings 
burned or by severe whippings (Ewers 1958; McHugh 1972; Verbicky-Todd 
1984). The practicality behind this social norm is clear; the killing of one bison 
may lead to disruption of the herd and ruin the success of the larger kill for the 
group. The pre-kill ceremonies observed varied widely across cultures, but 
 24 
extensive preparation was required by both men and woman (Verbicky-Todd 
1984).  
Buffalo runners, young, often unmarried, men were sent away from camp 
after meeting with the shaman, or head man running the hunt, often referred to as 
a chief in ethnographic accounts (Schaeffer 1978: 245-246). The buffalo runners 
were quick, skilled, revered men that ran sometimes for days to locate the bison 
herds (Brink 2008; McHugh 1972; Scheaffer 1978). Once they located the herd 
they would slowly push and maneuver the herd toward the pound or jump drive 
lanes.  
The way the animals were manipulated was quite ingenious and 
demonstrates the intimate relationship the hunters had with the herds they 
hunted. Runners would often cloak themselves in a wolf’s skin, and stalk the 
bison from behind, careful not to cause a stampede, but just enough to push the 
herd in the desired direction (Brink 2008). Another means of moving the herd 
involved runners dressing in the skin of calves and sounding distress calls at the 
front of the herd causing the herds to shift to investigate the calf in distress 
(Brink 2008; Quaife 1921:284). Small fires were also documented as being set 
just behind the herd, again to push the herds toward the drive lanes (Verbicky-
Todd 1984; Weekes 1948). Once the herd was in range a runner would run back 
to camp and alert the group who would then move to the drive lanes (McDonnell 
1889:279).  
The drive lanes were preplanned routes, which were marked by small 
piles of rocks called cairns, or in some cases piles of brush. These drive lanes are 
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still intact over many regions on the northern Plains (Brink 2008; Carlson 2011). 
According to the ethnographic accounts, men, women, and potentially even 
children would hide under robes or brush near these cairns (Ewers 1958; 
Verbicky-Todd 1984), but the real purpose and use of these cairns remains a 
mystery beyond the obvious need to mark a path to drive a stampeding herd to 
the kill point (Brink 2008; Brink and Rollans 1990). According to accounts the 
group would aid in keeping the bison within the drive lanes and continue their 
movement toward the jump or pound. Bison, again having poor eyesight, could 
be contained simply by flapping hides, making noise, or other means of deterring 
them. Also bison follow a lead animal; as long as the lead cow continued to 
stampede toward the pound or cliff the herd would follow (McHugh 1958).  
A bison jump was a success when the bison were run through the drive 
lanes over the cliff, which usually was sufficiently high to kill or maim the 
majority of the lead bison (Brink 2008). Archaeologically we see bone beds 
containing hundreds of bison in one kill event at the base of a cliff (Brink 2008). 
Gathered hunters near the base of the cliff dispatched bison not killed in the fall. 
In the case of a pound the bison would mill, or run around in a circle, avoiding 
the walls of the pound until exhausted and killed (Coues 1897:519; Harmon 
1911:286; McDougall 1896:281). The ethnographic record of how the animals 
were killed after they were contained is less consistent. Some accounts indicate 
ceremonies would be conducted while the animals were in the pound, others 
indicate that bison would be run to exhaustion and then shot with bows and 
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arrows, interestingly, never rifles, even when they were available (McDonnell 
1889:280; Skinner 1914:526; Verbicky-Todd 1984).  
 The activities following a mass kill event are also variable as recorded in 
the ethnographic record, which may indicate the chaos that would ensue as 
hunters raced to butcher animals. Also many value-laden accounts depicting 
Native groups in an uncivilized way indicate the political attitude toward Native 
people during the time the accounts were written (De Smet 1906, 1972:153). One 
such ethnographer indicated his disgust as Native people covered themselves 
with the blood of their kill (Henry 1901). Having butchered a bison myself, I can 
attest that it is not the cleanest job but the ethnographer’s account was obviously 
saturated with ethnocentric opinions concerning the people involved in the 
butchering. Opinions aside, the animals were then butchered, the meat 
distributed, and the feasts would ensue. Often butchering would go for days 
especially when the weather was chilly and favorable for preserving the animals.  
 Some ethnographic accounts indicated that hunters had marks on each of 
their points indicating who would be credited with the kill of individual animals. 
Despite the mark everyone butchered the animals (Lehmer 1963). According to 
the accounts Verbicky-Todd (1984) collected butchering seems a fairly 
unorganized task, credited as being woman’s work but in practice it appeared that 
all members of the community engaged in the butchering process (Hind 
1971:358; Pallister 1863:11). Men apparently would move from butchering to 
celebration ceremonies while women moved to the arduous task of hide scraping 
(Verbicky-Todd 1984). 
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The Archaeological Record 
 Recurrent features of bison kill events are present in the archeological 
record.  Communal kill events in which a large number of bison are killed do 
share many similarities. Bison pounds are poorly preserved because of the 
impermanent nature of the building materials in which the pounds are 
constructed. Bison jumps have a long, deep record on the northwestern plains 
(Brink 2008; Reeves 1990). Sites such as Head-Smashed-In-Buffalo-Jump were 
in use for 5500 years (Brink 2008). There is evidence for a potential bison jump 
in Texas dating back 10,000 years at Bonfire shelter (Bement 1986; Byerly et al. 
2005; Dibble and Lorrain 1968). Jumps typically contain a drive lane of cairns 
and a bone bed or multiple bone beds below a cliff. Often a camp is located 
nearby. Arroyo traps typical of Paleoindian kills consist of an arroyo, bison bone 
beds, and the lithic materials used to dispatch the animals.  
 The earliest evidence we have for a bison pound is the Ruby site (Frison 
1971). This site dates to 1670 ± 100 
14
C BP. This site contains a drive lane and 
corral still visible in the form of postholes around the bison bones. Frison and 
Todd’s (1978) excavations at the Horner site contained two Cody-age (Late 
Paleoindian) bison kill events. The containment system used in this case is 
unclear but a consistent circular end to the bone bed indicates that a pound may 
have been employed at this site. The archaeological record correlates with the kill 
techniques seen in ethnographic accounts. The study of ethnographic accounts of 
bison kills coupled with the excavation of Paleoindian bison kills aids in 
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furthering our understanding concerning the methods employed to kill large 
numbers of bison in a single event.  
Bison-Specific Hunting Models on the Plains 
 Bison procurement specifically has been studied for decades on the Plains 
of North America. Many researchers have developed models based on excavated 
materials (Bement 1999; Bement and Carter 2010; Bement et al. 2012; Frison 
1991; Frison and Todd 1987; Reher 1978; Reher and Frison 1980). These 
models, summarized by Judith Cooper (2008) in her dissertation, are outlined 
below. The models include are the Annual and Fall Procurement model, the 
Carrying Capacity Model, and the Social Model. These models are not mutually 
exclusive; they provide a framework for reference and understanding of bison 
hunting on the Plains and provide the background for ongoing research.  
The Annual and Fall Procurement Model 
 The Annual and Fall Procurement model was developed on the northern 
Plains to explain the patterns seen in bison kill site assemblages, which tend to be 
dominated by fall season kills (Brink 2008; Frison 1970, 1971, 1973, 1991, 1996; 
Kehoe 1973; Reeves 1990; Reher and Frison 1980). This model is the most 
widely accepted and frequently used because it follows clear patterns apparent in 
northern Plains sites and is largely substantiated by ethnographic accounts of 
bison hunting. According to the model, bison were communally hunted annually 
during the fall when stores of cows rich in fat procured by hunters would enable 
human survival through the harsh winter months (Figure 2). The location for 
annual winter communal kills would move yearly in order to allow the stench of 
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rotting carcasses from previous successful kills to dissipate (Frison 1970). This 
model also fits well with bison behavior and changing herd structure discussed 
earlier in this chapter. Communal drives were more likely to be successful when 
bison groups followed a lead cow and have separate cow/calf herds and bull 
herds.  
 
Figure 2.1. Historic Northern Plains hunting annual cycles and bison yearly 
round. Adapted from Brink (2008), Cooper (2008), and Oliver (1962).  
  
The Annual and Fall Procurement model was questioned in light of 
ethnographic evidence, which indicated that bison were hunted throughout the 
winter months (Arthur 1975, 1978; Walker 1974).  This led to the development 
of the Winter Bison Procurement Model (Walker 1974). None of the arguing 
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parties dispute the Annual and Fall model; the Winter Bison Procurement Model 
merely extends the communal hunting season into the winter months. Cooper’s 
(2008) expectations of winter kills include communal kills extending through the 
winter as well as a lack of intensive butchering during the fall, indicating animals 
were readily available throughout the winter season.  
The Carrying Capacity Model 
 The Carrying Capacity model relates directly to the availability and 
condition of bison herds (Cooper 2008; Kelly 1995). In years of high 
precipitation and subsequent high grass quality bison herd size increases. Due to 
this increase in herd size human encounters with bison would also increase, 
leading to increased hunting. In years of scarcity bison procurement decreased. 
This model relies heavily on the diet breadth model, which determines how a 
hunter will select prey upon encounter (Bird and O’Connell 2006; Broughton 
2012; Kelly 1995; Lupo 2007; MacArthur and Pianka 1966; Pianka 1974; 
Winterhalder 1981; Winterhalder and Smith 1981). Bison, as the largest prey 
animal on the landscape, would likely be killed upon encounter (Kelly 1995). 
Therefore an increase in encounter rates would lead to an increase in kill rates, 
whereas a decrease in encounters would lead to an increase in diet breadth 
(Winterhalder and Kennett 2006) as hunters widened their selection of prey 
varieties to compensate for scarcity. In this case the increase of bison hunting and 
the decrease of diet breadth applies as seen on the Plains during the Folsom and 
Goshen periods.  
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 The Carrying Capacity model gains support from findings at the Vore site 
by Charles Reher and George Frison (1980). The Vore site in eastern Wyoming 
provided 22 kill events spanning a period from A.D. 1500 to 1800 resulting in 
the successful slaughter of over 20,000 animals (Reher 1978; Reher and Frison 
1980). In addition to the temporal depth of information at this site sediment 
varves were used to detail precipitation history.  A correlation of varve data and 
kill site data indicated that kills occurred at Vore every 25 years, following 
precipitation maximums by 3 to 7 years. Reher argues that in light of this 
evidence communal kills could not be supported annually in this region (Reher 
1978).  
The Social Model  
The Social model proposed by William Fawcett (1987) argues that 
communal kills were carried out to aggregate and feed large groups of people. 
Kills provided a means to facilitate social interaction while consolidating power. 
Hunter-gatherer groups do not typically maintain groups over 25, one reason for 
this is that tensions and power struggles in groups over 25 typically splinter the 
group (Kelly 2013). Communal kills provide a time when the hosting group can 
take control and responsibility for a large group temporarily. These kills would 
occur independent of environmental conditions (Cooper 2008). An example of 
the social model emerges in theories such as costly signaling (Speth 2010) when 
kills are argued to have provided a means of increasing prestige rather than 
merely procuring resources.  
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A Setting for Aggregation 
  North American bison kill sites, once only thought to fulfill procurement 
and subsistence needs, are currently being re-evaluated from a decidedly social 
perspective (Speth 2010).  Often the bison kill is only one component of a site 
complex also containing a processing area, camp, and ritual site (Zedeño 2014). 
These decidedly communal complexes incorporate cyclical nucleation 
(aggregation) with ritual observances with the execution of communal bison 
hunts that employ large bison jumps, pounds, or arroyo traps (Bement 1999; 
Carlson 2011).  Addressing these questions transforms the basic subsistence 
function of communal bison kill sites into the realm of social constructs (Hayden 
and Dietler 2001).  In the future the application of cyclical nucleation under the 
larger theoretical framework of behavioral ecology provides a transformative 
way to view Paleoindian bison hunting that generates new hypotheses and 
expectations, while acknowledging the substantial resource base these kill events 
produced.  
Group Size and Paleoindians on the Landscape 
Our understanding of demography outlined by Kelly (2013) comes from a 
small collection of hunter-gatherer ethnographic studies ranging from aboriginal 
Australians (Blurton Jones et al. 1992), the Ache (Hill and Hurtados 1996), the 
Dobe !Kung  (Howell 1979, 2010), and the Hadza  (Marlowe 2010). This range 
of ethnographic records is replete with limitations in accuracy due to colonial 
impacts such as disease bringing high mortality, and dramatic changes in culture, 
which predated the ethnographers. As Kelly aptly points out the data should be 
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used with “healthy skepticism” (Kelly 2013:167).  That being said, the following 
discussion provides a framework to understand what group dynamics may have 
looked like during the Paleoindian period.  
Initial counts of minimum group size for mobile hunter-gatherers tended 
to be too high (Birdsell 1953) at 500 persons. More recent reanalysis of this issue 
has provided a count of roughly 25 people for an average foraging group 
(Binford 2001; Marlowe 2005), with an average of ten to seventeen people for 
nomadic, plant-dependent people. While 15 people for terrestrial hunters, and 18 
for those dependent on aquatic resources seems a reasonable range. Hamilton et 
al. (2007) upon reanalysis of Binford’s 2001 dataset found that families consist 
of 4-5 people residential groups include 14-17 people. Social aggregations such 
as winter camps include 50-60 people, periodic aggregations of 150-180 people 
and ethnic populations reaching as high as 730-950 people. These numbers seem 
to remains consistent across differing environments. According to Kelly 
(2013:172) these groups reflect a consensus concerning how to efficiently move 
food, information, and mates without overt competition. Groups tend to function 
without a leader at 25 people; above 25 leaders are required for group 
management, which leads to fissioning of the groups (Kelly 2013:172). Wobst 
(1974) created a computer simulation, which indicated that a genetically viable 
group could not drop below 25 people. Lower numbers of hunter-gatherers can 
remain viable by interacting with other smaller neighboring groups (Kelly 2013).  
 Of particular importance to this study is the carrying capacity of bison 
and humans on the landscape during the prehistoric period (Epp and Dyke 2002). 
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Though the analysis carried out by Epp and Dyke (2002) focuses on the past 
5,000 years, it is relevant to this research because it provides a basis to 
understand prey species mobility, and its effects on human demographics. The 
method applied by Epp and Dyke (2002) is based on the assumption that the 
number of people on the Plains can be estimated if the number of bison is known. 
It follows that if one person requires seven bison per year, then by knowing the 
number of bison on the landscape at any given of time, the non-human predation 
rate, and allowing for whether the herd is migratory or resident, the Epp and 
Dyke model provides a means to estimate an upper population level for people. 
According to Epp and Dyke (2002) by the late Historic period bison populations 
are estimated to have reached 30 million, 80% of those bison would have 
belonged to migratory herds at 24 million, while resident herds comprised the 
other 6 million. By applying the Epp and Dyke calculations, the migratory herd 
could support 315,000 people and the non-migratory herd a maximum of 43,000 
people.  
Potential for Aggregation and the Kill Site 
Cyclical nucleation is the scheduled aggregation of multiple subsets of 
groups at a predetermined and repeatedly, often seasonally, visited node or 
location (Schaedel 1995; Turpin 2004). To avoid jargon I will discuss cyclical 
nucleation more simply as scheduled aggregation. The purposes of aggregation 
allow otherwise dispersed groups to perform acts outside their usual capabilities.  
These acts include communal activities such as hunting, feasting, and social 
networking, including information exchange, mate selection, trade relations, and 
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social bond reinforcement (Hollenbach 2009; Kelly 2013). To be successful, the 
dispersed groups require a predetermined time and place or node to meet. A node 
is needed in a predictable location on the landscape in order to draw groups of 
people together at a set time during the year when a resource abundance is 
available to support the aggregation of a large number of people. A bison kill site 
provides this predictable node.  
More recent kill/camp/ritual site complexes found at Late Prehistoric 
northern High Plains jump sites provide examples of scheduled aggregation 
around bison kills. These sites consist of one or more repeatedly used bison 
jumps, a processing site (generally at the base of the jump), a campsite (generally 
a fair distance from the jump) and evidence of ritual activity, which can be 
integrated into any of the aspects of the bison kill (Zedeño et al. 2014). The 
complex and extensive drive lanes associated with jumps reflect the social 
investment in these sites (Carlson 2011). Situational leadership is the hallmark of 
egalitarian society (Fawcett 1987; Johnson 1982; Kelly 2013).  
Scheduled aggregation at a particular node on the landscape requires an 
abundance of food to support various groups for the duration of the aggregation, 
in this case the bison hunt and subsequent butchering of the animals. In 
considering the use of communal bison hunts as the subsistence intensification 
required for scheduled aggregation, the repeatedly used bison kill site is proposed 
to serve as a component of a node around which the system functions.  Special 
landscape requirements must be met for a successful communal bison kill, 
including bison milling area, drive path, and containment or kill structure (pound, 
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jump, arroyo trap; Carlson 2011; Fawcett 1987; Frison 1991).  The node 
requirement is met by the reuse of a successful kill site such as indicated at Head-
Smashed-In (Brink 2008), Vore (Reher and Frison 1980), and Kutoyis (Zedeño et 
al. 2014).  The special requirements of the kill site, especially the proximity to a 
bison population, anchor the system to areas where the requisite landform type 
(e.g. cliff or arroyo) is found where bison congregate or are concentrated such as 
along established migration paths.  This view of large-scale bison hunting builds 
on previous models of Plains bison hunting systems.  
The above outlined models provide the background for our understanding 
of bison hunting as well as my research. My research relies on the Fall 
Procurement Model without the assumption that kills are carried out as a yearly 
event. The Winter Bison Procurement Model is not completely excluded 
however I do not see evidence that fully supports elaborate kills carried out 
throughout the winter months although winter kills do occur. The Carrying 
Capacity Model also features heavily in the research as evidence does support an 
increase in kills during seasons of increases in herd size. Lastly the Social Model 
acknowledges the social benefits a large-scale kill provides in addition to the 
caloric resources procured.  
Theory Summary 
 In summary large game hunting has a long history of varying theoretical 
paradigms that have framed the research up to this point. Under Human 
Behavioral Ecology large game hunting can be analyzed to determine the extent 
to which large-scale kill events suddenly develop in North America at the 
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Younger Dryas shift. The Younger Dryas climatic reversal is discussed in the 
next chapter. This shift marked a period in which large game such as mammoths 
were dying off and bison were recovering from a near extinction event. The prey 
landscape was dramatically changing and human populations were on the rise. 
Using Human Behavioral Ecology we can analyze bison kill sites in two different 
region of North America and determine the extent to which the large scale 


















Chapter 3: Background 
The following chapter provides the ecological and environmental setting 
for the regions containing the archaeological sites selected for my analysis. I then 
discuss the cultural historical context as it is currently understood for the 
Paleoindian period on the North American Great Plains. In addition to this 
discussion I summarize the data currently available from excavations of the six 
bison kill sites compared within this research.  
Ecological Background of the Great Plains 
The Great Plains span from Canada to the north, down to Mexico in the 
south, from the Rocky Mountains to the west and the Eastern Woodlands mark 
the eastern boundary (Wedel 1963). Though the Plains seem ubiquitous in flat 
grassland expanse, subtle changes in landscape and precipitation create 
ecosystems that vary slightly from east to west and north to south.  The Plains 
change subtly across its great expanse. Relief of the landscape comes in the form 
of stream valleys, uplifts, and erosional remnants (Frison 1991; Kornfeld et al. 
2010). The Plains provides a xeric landscape in which people and animals 
creatively adapted in order to survive.  
Variation in Climate: From Global to Local 
 To understand the drastic changes in environment through time I focus 
the environmental discussion on the shift between the Pleistocene and Holocene 
on the Plains. First, I discuss how we know what we know concerning 
environmental change by discussing oxygen isotopes and the Greenland and 
Antarctic ice sheet record. This record provides a global perspective of changes 
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in environmental conditions through time. Second, I discuss the pollen and 
phytolith records specific to the regions under study on the northern and southern 
Plains.  
Global Climate Change 
 In order to better understand climate change on a global scale I include a 
brief discussion of oxygen isotopes and how they are used to determine glacial 
periods.  An isotope is a variant of an element, which has the same number of 
protons but different numbers of neutrons (Macdougall 2013; Meltzer 2009: 28). 
Two forms of oxygen are 
16
O and the heavier isotope 
18
O, both of which bond 
with hydrogen to form water. Greater proportions of 
16
O reach the clouds after 
evaporation because they are lighter, the 
18
O isotopes are left behind in the 




O is fairly constant in ocean 
water because rain and snow return to the ocean. When precipitation becomes 
locked in glaciers the 
16
O molecules do not make it into the ocean thereby 




O in the oceans (Alley 2000; Alley et al. 2005; 
Krajick 2002). Through the analysis of tiny planktonoic animals, which 




O ratio, a record of glaciation 
can be reconstructed  (Alley 2000; Meltzer 2009). Extensive ocean floor samples 
coupled with Greenland and Antarctic ice core records have been analyzed to 
provide the last million year record of global glacial periods (Alley et al. 2005; 
Krajick 2002; Macdougall 2004).  
 The Wisconsin glacial period is of particular relevance to this research 
since the focus is the Paleoindian record. The Wisconsin is broken into three 
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periods. The Early Wisconsin (80,000-65,000 
14
C BP), which marks a colder 
period, began the glacial episode. The middle Wisconsin (65,000 – 35,000 
14
C 
BP) marks a warmer period with reduced glaciers on land. The Late Wisconsin 
(35,000- 10,000 
14
C BP) marks the Last Glacial Maximum (LGM) and the 
warming to the Holocene (10,000 
14
C BP to present; Martinson et al. 1987; 
Macdougall 2004).  What is referred to as the Pleistocene/Holocene transition is 
of particular interest to this research since it coincides with the early Paleoindian 
Clovis and Folsom periods.  
Local Climate Change on the Great Plains 
 Climate has varied drastically across the Plains from the late Pleistocene 
to the early Holocene. These changes affected prehistoric occupants by rapidly 
changing plant and animal resources. The most dramatic climatic shifts occurred 
at the end of the Pleistocene, starting with the warming conditions of the Bolling-
Allerod (14,500 – 10,900 
14
C BP), abrupt cooling and then warm-up of the 
Younger Dryas (10,900 – 10,000 
14
C BP), followed by warming conditions of the 
Holocene (10,000 – 0 
14
C BP; Alley 2000; Figure 3.1).  
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Figure 3.1. Alley (2000) image of the changes in temperature based on 
Greenland Ice Core data.  
 
Warming at the end of the Wisconsin Glacial Maximum during the 
Pleistocene (11,500 – 10,000 
14
C BP) melted the Cordilleran and Laurentide ice 
sheets and created a world unlike anything prior (Blinnikov et al. 2002; Graham 
et al. 1994; Kornfeld et al. 2010).  Vegetation shifted from a widly diverse flora 
to a homogenous steppe enviornment across the Great Plains by 11,000 
14
C BP 
followed by an expansive grassland by 10,000 
14
C BP (Fredlund and Tieszen 
1994). Many large animals went extinct between 11,900 and 10,200 
14
C BP 
(Martin and Klein 1984). When the cooler, wetter Younger Dryas came about 
(10,900 
14
C BP) bison were the largest remaining prey animal on the landscape 
(Kornfeld et al. 2010). Bison arrived in North America sometime during the mid-
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Pleistocene and, as a genus, did not become extinct during the late Pleistocene 
when other megamammals died out (Martin 2005). Instead, bison populations 
survived and later flourished as the largest-bodied, post-Pleistocene Plains 
herbivore.  Bison did not, however, survive unscathed. In fact, mitochondrial 
DNA (mtDNA) of Beringian bison populations suggest that bison experienced a 
genetic bottleneck at the same time mammoths, horses, camels, and other North 
American large mammals were headed for extinction (Drummond et al. 2005; 
Shapiro et al. 2004). The extent of this stress is reflected in a mtDNA founder 
effect mutation that appears in all bison populations south of the Laurentide and 
Cordilleron ice sheets around 11,300 
14
C BP (Shapiro et al. 2004) and is still 
evident in living populations today (O’Shea 2012).  
 In the early Holocene winter and summer, temperature ranges were not 
synchronized on the Plains. Fluctuations in elevation caused drastically different 
precipitation levels, leading to xeric and mesic enviornments coexsisting in close 
proximity to each other (Fredlund and Tieszen 1994). By 10,600 
14
C BP the 
north still experienced near glacial conditions, leaving eastern Wyoming and the 
Colorado Rocky Mountains cool and wet while northwestern Wyoming to the 
west in Idaho experienced comparatively dry and warm climates. Summer 
temperatures also started to rise during this time while winters stayed relatvely 
consistent (Beiswenger 1991; Fall et al. 1995; Whitlock et al. 2002).  
The northern Plains were still subject to glacial conditions during the 
Younger Dryas while summers began to gradually warm for longer periods 
(Beiswenger 1991, Kornfeld et al. 2010). Figure 3.2 demonstrated the Greenland 
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ice core record commonly used to infer global environmental change. The lower 
line below the ice core record indicates the southern Plains soil isotopic record 
indicates that global climate shifts were occurring in the region. Soil isotopic 
evidence on the southern Plains indicates a significantly cooler temperature 
around the start of the Younger Dryas (11,000 
14
C BP) followed by a warming 
trend (Bement et al. 2007:44; Figure 3.2). This data is significant to demonstrate 
that global changes also occurred at a regional level during the Paleoindian 
period. These changes are reflected more specifically in the pollen and phytolith 
data discussed below. 
 
Figure 3.2. Greenland ice sheet core data (above) compared to soil isotope data 
on the southern Plains (below). Climate changes occurred regionally and locally 




Pollen and Phytolith Records from the Site Regions 
Pollen and phytoliths data are commonly used for environmental 
reconstruction archaeologically (Cummings 1996). Most abundant types of 
pollen preserved in the record are wind transported. This pollen category 
includes trees, shrubs, grasses, and forbs such as Cheno-ams (Atriplex – 
saltbrush and others), sagebrush (Artemisia), and sedges (Cyperaceae).  
Differences in pollen counts can be attributed to wind patterns and density of 
local vegetation.  Pollen moved by insects and animals travel shorter distances 
than wind born pollen leading to smaller counts recovered in pollen analysis 
(Cummings 1996:177). Phytoliths are structures made of silica produced by 
plants, which preserve after the plant has decomposed. They can also be subject 
to degradation and decomposition through erosion and high pH soils (Cummings 
1996:177). The Paleoindian period poses unique problems for pollen and 
phytolith analysis due to the extensive period of decomposition and remodeling. 
Pollen analysis specific to the Agate Basin site area, for example was deemed 
inconclusive due to high oxidation in the soil, (Beiswenger 1987).  This is a 
common issue in pollen analysis of this time period on the Plains (Beiswenger 
1987; Hall 1981; Tschudy 1969).  Phytolith analysis has been plagued with many 
of the same preservation issues and a clear phytolith record is also not readily 
available on the Plains (Lewis 1979; Rovner 1975:130). The data provided below 




The Southern Plains 
Pollen data from Bull Creek (Bement et al. 2007:48) located in the 
Oklahoma panhandle provides the most complete pollen record for the southern 
Plains site region. The pollen indicates change from a mesic landscape of open 
sage scrubland mixed with hardwoods with an understory of mixed grasses and 
shrubs prior to 11,000 
14
C BP to one containing more oaks and grassy medows 
by 10,850 
14
C BP.  Arboreal pollen from Black Mountain Colorado increseses 
from 32 percent to 45 percent between 11,600 and 11,000 
14
C BP. While after 
11,000 
14
C BP arboreal pollen decreases from 45 percent to 30 percent (Jodry 
1999:31). Grass pollen (poacaea) also increases during this time from 5 percent 
to 10 percent (Jodry 1999). This data further supports the abrubt switch from 
moist to dry conditions following 11,000 
14
C BP.  
The Northern Plains 
Changes in climate between 15,000 and 12,000 
14
C BP caused the 
receding of the Wisconsin ice sheet discussed above. These changes led to the 
decline in the boreal forests in regions south of the ice sheets, including North 
Dakota, South Dakota, Nebraska, and Kansas (Marlow 1984). Upland plant 
communities began to provide ideal bison range grasslands with an increase in 
nutrient rich C3 grasses discussed further below. This region provided little in the 
way of edible plant remains for humans during the Folsom time period (Marlow 
1984:349).  
Pollen analysis of the region including South Dakota, North Dakota, 
Manitoba, Saskatchewan, and Minnesota (Wright 1970) indicate that spruce 
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(picea ssp), fir (Abies ssp.), pine (Pinus ssp.), and other boreal trees occupied the 
region between 15,000 and 12,500 years 
14
C BP. By 10,000 
14
C BP (Wright 
1970) shows that Spruce began to retreat north.  
The phytolith and pollen evidence on the northern Plains indicates 
fluctuations in Pine (pinus) and very high sagebrush (artemisia) with Pine (pinus) 
being at its lowest during the range of 11,000 
14
C BP to 8,000 
14
C BP. This 
pattern is consistent with regional patterns for the Late Pleistocene and the early 
Holocene Anathermal (Cummings 1996:177). Sagebrush dominates the 
landscape with grasses dispersed throughout the region. The region appears to 
increasingly warm and dry, and supports a grassland dominated by Chloridoid 
(short grasses), which grow well in warm dry conditions. Solar insolation models 
indicate that increased solar radiation during the summer resulted in warmer 
dryer summers but had little effect on winter temperatures (COHMAP Members 
1988). Effective summer drought conditions increased during the early Holocene. 
The warming of the Anathermal is noted to be a summer occurrence (Kutzbach 
1987). This array of pollen is not seen to reoccur after the Pleistocene 
(Cummings 1996).  
Grasslands of the Plains 
 In this section I discuss the modern grassland distribution of the regions 
under study. The Paleoindian grasslands are reconstructed in later chapters 
through stable isotope analysis.  
Grasslands change with changes in precipitation (Heisler-White et al. 
2008). A brief discussion of modern grasslands provided here demonstrates how 
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grassland environments are understood today. As I will explain in the following 
chapters modern grasslands do not provide a good proxy for Paleoindian 
grasslands because of dramatic changes in ecosystems since that time. However a 
map of modern grasses does provide a visual of the shift in changing 
environments from east to west and north to south, which are consistent through 
time (Fredlund and Tieszen 1994); Kucher 1975). The regional variation of today 
is similar to regional variation during the Paleoindian period, although the 
species are not the same during these periods. Grasslands on the Plains shift from 
east to west in step with increasing levels of precipitation (Figure 3.3 and 3.4). 
The eastern Plains are marked predominantly by tallgrass prairies rich in moist 
climate C4 grasses. Mixed Prairies combine C3 and C4 grasses through the central 
Plains and dominate the northern landscapes. Shortgrass prairies dominate the 
southwestern Plains and are composed of xeric-adapted C4 grasses. This 
grassland array coincides with changes in precipitation (Figure 3.3) creating 
slight variation in ecozones (Figure 3.4). A more thorough explanation of C3 and 
C4 grasses will be discussed in Chapter 4 in relation to stable isotopic analysis.  
 48 
 
Figure 3.3. Modern variation in precipitation across North American Plains, 
(outlined in grey), note the bands of precipitation from west to east on the Plains 




Figure 3.4. Changes in grassland composition across the Great Plains reflect 
changes in grassland composition outlined in studies such as Fredlund and 




This concludes the environmental discussion of the Plains providing 
background for climate change and grassland composition, which, provide the 
basis for the research discussed in the following section.  The following section 
will discuss the cultural history of the region and the sites analyzed.  
Cultural Background of the Great Plains: The Paleoindian Period 
The Paleoindian period spans from the peopling of the New World 
sometime prior to 12,000 
14
C BP (Pitblado 2011) to the end of the Late 
Paleoindian period roughly 7,500 
14
C BP (Frison 1976, 1978, 1988; Kornfeld et 
al. 2010).  This time period spans the late Pleistocene to the early Holocene 
transition, culminating just prior to the Altithermal (9,000 to 5,000 
14
C BP).  The 
terminal Pleistocene/early Holocene is a period in which the environment 
undergoes dramatic changes on a global scale. 
Clovis sites, once thought to mark the cultural remains of the first 
Americans, are now being reevaluated with an earlier migration of Pre-Clovis 
people in mind (Anderson et al. 2015; Waters and Stafford 2014). Pre-Clovis 
does not appear to share a wide-spread lithic technology and site assemblages 
vary greatly between Pre-Clovis sites (Collins and Bradley 2008; Gilbert et al. 
2008; Morrow et al. 2012; Waters et al. 2011a; Waters et al. 2011b). To date, 
none of the Pre-Clovis sites display characteristics attributed to large-scale 
hunting adaptations and thus are not discussed further here.  
The Paleoindian time period is split into three periods:  early, middle, and 
late (Frison 1991). The early Paleoindian is marked by entry into the New World 
sometime before 12,000 
14
C BP. Mounting evidence supports a Pre-Clovis entry 
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followed by the Clovis period, which dates to 11,900-10,800 
14
C BP (Waters and 
Stafford 2007). On the Plains in particular, the waxing and waning of 
Paleoindian cultures is often conceived as changing projectile point styles. On 
the Plains Clovis technology changes into Goshen, Folsom, and Midland (Figure 
3.5). Plainview replaces Goshen on the southern Plains (Knudson 1983). Agate 
Basin and Hell Gap develop in the middle Paleoindian period. Alberta and Cody 
are found at the beginning of the late Paleoindian period followed by Fredrick, 
James Allen, Lusk, and Blackwater Side Notched. Other varieties of points 
develop regionally during the mid Paleoindian through the late Paleoindian 
period, such as Angostura, in the Rockies and the west (Libe and Pitblado 1999).  
The following section focuses on the Clovis, Folsom, and Goshen 
complexes on the Plains. These lithic technologies and associated cultural 
complexes provide the focus for this research. On the southern Plains the sites 
included span from the late Clovis period through the Folsom period. Northern 
Plains sites analyzed include the Folsom components of Agate Basin and CKM 






















Clovis represents the oldest clearly archaeologically visible and well 
defined archaeological culture in North America (Miller et al. 2013; Smallwood 
and Jennings 2015) with sites ranging in age from 11,600 to 10,800 
14
C BP at the 
widest range (13.4k-12.7k cal yr BP; Grayson and Meltzer 2015; Miller et al. 
2013) to the likely tighter range proposed by Waters and Stafford (2007) of 
11,050-10,800 
14
C years ago.  The Clovis technology is one of the most 
geographically extensive cultural expressions of North America spanning from 
coast to coast and from Canada to Central America (Anderson et al. 2010; 
Bradley et al. 2010; Collins 1999:35; Meltzer 2009:241; Miller et al. 2013:207; 
Waters and Stafford 2007). The Clovis type site is Blackwater Draw Locality No. 
1 in eastern New Mexico (Hester et al. 1972). Clovis lithic technology is distinct 
(Bradley et al. 2010). Clovis lithic material provides a hallmark for Clovis site 
identification with distinctive lanceolate biface points often thinned by means of 
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overshot flaking (Bradley et al. 2010). Prismatic blades are another diagnostic 
element of the lithic assemblage (Collins 1999).  
Clovis sites fall into three main types: caches, animal kills, and camps.  
An example of a Clovis camp is found at the Gault site in Texas where extensive 
repeat occupation debris is associated with a nearby lithic source. Other sites 
include Clovis caches (Huckell and Kilby 2014), and megafaunal kill and/ or 
scavenging sites (Grayson and Meltzer 2002; 2015).   
Sites containing Clovis type lithic material are extensive.  Anderson et al. 
(2015) has complied an online database of the North American distribution of 
Paleoindian material, including Clovis points (www.pidba.utk.edu). Over 20,000 
points are recognized as belonging to the Paleoindian period, however for the 
purpose of this discussion I will limit this discussion to the 2,060 Clovis points 
positively identified in 409 locations (Figure 3.6).  According to Anderson and 
Faught (2000) the vast majority of Clovis materials are located in the 
southeastern United States. The high concentration of Clovis material in the 
southeast, rather than the northern Plains has implications for the hypothesis that 
Clovis people were the initial colonizers of the Americas. If Clovis were the 
initial colonizers coming across the Bering land bridge and descending through 
the ice free corridor, one would expect to see the highest concentration of Clovis 
material at the southern point of the ice free corridor and adjacent areas, not in 
southeastern US (Anderson and Gillam 2000; Anderson et al. 2010).   
  For the purpose of this discussion I simply note the distribution of 
artifacts to indicate the wide spread nature of Clovis artifacts, which likely took a 
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substantial population to produce given the time range of Clovis. I believe this 
provides evidence that human populations had to have reached significant 
numbers prior to the development of the Clovis culture. 
 
 
Figure 3.6. Distribution of Clovis materials across North America (Anderson et 
al. 2005).  
 
Currently over 25 Clovis caches have been identified (Bamforth 2014; 
Huckell and Kilby 2014: 217). Though the exact purpose of caches is still a 
source for future study the increase in recognition of cached materials leads to 
avenues of research from lithic manufacture and maintenance, mobility and land 
use practices (Bement 2014; Condon et al. 2014; Holen 2014), and social 
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organization and ritual behavior (Kilby 2008; Wilke et al. 1991). Clovis caches 
are unique archaeologically because they appear to be useful material, which has, 
in most cases, been set aside for later use (Huckell and Kilby 2014).  The 
distribution of Clovis caches spans the Plains of North America (Figure 3.7). The 
Anzick cache (Lahren and Bonnichsen 1974; Wilke et al. 1991) located near 
Wilsall, Montana contains burial remains of a young male and 8 points, 62 
bifaces, 1 blade, 9 flakes, and 6 shaped and carved bone rods (Huckell and Kilby 
2014).  The burial, recently the subject of genetic analysis, slightly post-dates 
Clovis at 10,705 ± 35 
14
C BP (approximately 12,707–12,556 cal yrs BP) and 
provides evidence of  “gene flow from the Siberian Upper Palaeolithic Mal’ta 
population into Native American ancestors is also shared by the Anzick-1 




Figure 3.7. The distribution of Clovis caches across the Plains. 
 
Clovis sites associated with Pleistocene animals are typically associated 
with Proboscidea, Mammoth (Mammuthus) and American Mastadon (Mammut; 
Meltzer 2009; Grayson and Meltzer 2015). In the analysis of Clovis sites in 
North America by Grayson and Meltzer (2015) the authors provide a strict 
association between human behavior and animal remains providing a very 
restrictive list of Clovis and potentially pre Clovis sites associated with 
mammoth and mastodon remains. These sites are briefly discussed here to 
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demonstrate the extent by which our understanding of Clovis hunting is based. 
The association between animals and humans is difficult to strongly support. As 
Meltzer and Grayson point out when Clovis materials are strongly associated 
with Proboscideans it is difficult if not impossible to ascertain the cause of death 
of the animal. Therefore we can merely demonstrate that people exploited the 
animal resources, not necessarily that the animal was killed by people. Therefore 
associations between animals and people at this time period may demonstrate 
hunting of the animal, or scavenging of animal resources, or a combination of 
both. Grayson and Meltzer (2015) narrow the Clovis site array down to 15 sites, 
which they argue provide compelling evidence for an association between people 
and animals. These 15 sites include remains from Camelops, Equus, Cuvieronius, 
Mammut, and Mammuthus.  
To the northwest the Manis Mastodon site in Washington, a potential 
bone point was located imbedded in the rib of the animal (Gustafson 1984, 1985; 
Gustafson et al. 1979; Waters et al. 2011). Grayson and Meltzer (2015) argued 
the bone to be the result of male bull mastodons fighting rather than human 
hunting. Waters (2011) concludes that the bone is a fashioned point and, 
therefore, is indicative of hunting. For the background discussion of Clovis this is 
included as a Clovis site.  
On the northern Plains the Wally’s Beach site, Alberta, Canada 
(Kooyman et al. 2006; McNeil et al. 2004, 2005, 2007) provides a Clovis-age 
(11,070 ± 80 14C BP) kill containing horse (Equus), camel (Camelops) and 
Bootherium. The Sheaman site in Wyoming (Frison and Stanford 1982) provides 
 58 
lithic material commonly found in Clovis deposits such as blades and a decorated 
carved antler object (Frison and Craig 1982).  
To the southeast sites such as Page Ladson, Florida (Webb and Simons 
2006) contain multiple late Pleistocene vertebrates. The researchers at the site 
indicate cut marks and butchering marks on multiple animals including a horse 
(Equus) and a tapir (Tapirus) and mastodon (Mammut). Coats-Hines Tennessee 
(Deter-Wolf et al. 2011) provides mastodon remains with lithic material and 
possible cutmarks on the bones (Breitburg and Broster 1995). 
To the south other well-studied Clovis sites with clear human and animal 
associations include Murray Springs, Arizona (Haynes and Huckell 2007) where 
there is strong evidence for mammoth hunting. The Dent site, located in 
Colorado, provides strong evidence for mammoth hunting or scavenging 
(Brunswig 2007; Brunswig and Fisher 1993; Fisher and Fox 2007; Grayson and 
Meltzer 2015; Haynes et al. 1998; Hoppe 2004; Saunders 2007). The site 
contains the remains for multiple mammoths and three Clovis points (Kornfeld et 
al. 2010). Key Oklahoma Clovis sites include the mammoth kill at the Domebo 
site (Leonhardy 1966) and the bison kill at Jake Bluff (Bement and Carter 2010). 
Jake Bluff is discussed at length below. El Fin del Mundo, Sonora, Mexico 
(Sanchez et al. 2014) contains remains of gomphethere (Cuvieronius sp.) The 
lithic assemblage from the site includes 13 Clovis points and or fragments. 
Charcoal dates from the site yielded ages of 11,550 ± 60 14C BP and 11,880 ± 200 
14
C BP, making it potentially one of the oldest Clovis sites.  
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Clovis peoples, once thought to be the first inhabitants of North America, 
now appear to have developed out of cultures settled into the country for longer 
periods than initial interpretations indicated. Whether Clovis people inhabited 
North America for 900 years (Grayson and Meltzer 2015; Miller et al. 2013) or 
300 years (Waters and Stafford 2007) theirs remains one of the widest cultural 
manifestations to cover North America. The Clovis culture also witnessed the 
extinction of the largest animals in North America, including mammoth, 
mastodon, horse, ground sloth, camel, and short faced bear (Martin 2005). The 
loss of many of the Plains grazing animals set the stage for the development of 
the subsequent culture, Folsom. 
Folsom 
 Immediately following the Clovis period on the High Plains and Rocky 
Mountain provinces of North America is the Folsom period. The Folsom period 
ranges between 10,900 to 10,200 
14
C BP (Frison 1991; Kornfeld et al. 2010) and 
is marked by the exquisitely flaked and fluted Folsom projectile point. The most 
distinct difference between Folsom and Clovis is the preponderance of bison in 
Folsom sites, indicating that the species flourished during Folsom times. Folsom 
technology has been argued to be adapted specifically for bison (Frison 2004).   
The highest density of Folsom sites are found on the Great Plains and 
Rockie Mountains (Figure 3.8). Wyoming sites include the Brewster site along 
Moss Agate arroyo in eastern Wyomings (Agogino 1972),  the Folsom 
component of Agate Basin (Frison and Stanford 1982), several Folsom 
components at the Hell Gap site in southeastern Wyoming (Irwin- Williams et al. 
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1973; Larson et al. 2009), Hanson site in northern Wyoming (Frison and Bradley 
1980), the Folsom component at Carter/Kerr-McGee (Frison 1984), and Two 
Moon Shelter in the Bighorn Muntains of Wyoming contains Folsom lithic 
material (Finely et al. 2005) and appears to be a camp near a lithic outcrop.  
Montana sites include the McHaffie site (Forbis and Sperry 1952) and the Indian 
Creek site (Davis 1984; Davis and Greiser 1992).  A Folsom hearth-centered use 
area was located at the Barger Gulch camp (Surovell and Waguespack 2007).  
 
Figure 3.8. Distribution of Folsom projectile points across North America 
(Anderson 2005). 
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On the southern Plains the Folsom type site is located in New Mexico 
(Meltzer 2006). A Folsom component is also found at Blackwater Locality No. 1 
(Hester 1972). Folsom camp sites in Colorado include Lindenmeier  (Roberts 
1935; Wilmsen and Roberts 1978), Barger Cultch a shallowly buried Folsom site 
in Middle Park Colorado (Surovell et al. 2005), and Stewart’s Cattle Guard  in 
the San Luis Valley of  south central Colorado. Stewart’s Cattle Guard also 
contains a bison kill (Jodry 1999).  Oklahoma sites include the Beaver River 
Complex, including Cooper, Jake Bluff, and Badger Hole (Bement et al. 2012; 
Carlson and Bement 2013) and the Waugh site (Hill and Hofman 1997).  Key 
Texas Folsom sites include Lubbock Lake, (Johnson 1987), Lake Theo (Harrison 
and Killen 1978); Adair-Steadman (Tunnell 1977), Hot Tubb (Meltzer et al. 
2006), and Bonfire Shelter (Bement 1986; Dibble and Lorrain 1968).   
The Folsom adaptation includes a similar suite of site types found during 
Clovis times on the Plains and includes camps, bison kill sites, and lithic quarries 
excluding caches. A full array of bison hunting techniques includes large-scale 
kills utilyzing arroyo traps, dune traps, and cliff jumps, as well as small-scale 
encounters at watering holes (Bement 2003).   
Many Paleoindian researchers believe Folsom projectile points represent 
the finest quality pressure flaking seen across the world (Ahler 2000; Amick 
1995; Kornfeld et al. 2010).  Folsom fluting is an unexplained phenomena that 
has been postulated to represent artistic design more than function (Kornfeld et 
al. 2010; Speth 2010). The bone tools including needles (Frison and Craig 1982) 
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and antler projectile points  discovered at Agate Basin (Frison and Zeimens 
1980) are indicative of the craftmanship common to Folsom materials.  
Agate Basin’s Folsom level contained what are interpreted as punches for 
removing channel flakes during the fluting process (Frison and Bradley 1980). 
Other items found among channel flakes, broken preforms, and deitage at other 
sites indicate various methods were likely employed to flute Folsom points 
(Kornfeld et al. 2010:81). One constant, however, is the selection of high-quality 
lithic material for Folsom point manufacture. The purpose of fluting remainas a 
topic of debate, including functional as well as ritual attributes.   
The Folsom bison hunting focus is symptomatic of the “settling in” to the 
post-extinction situation seen during Clovis and the abrupt climate changes of the 
Younger Dryas. Similar regionally-specific adaptations are seen in other areas of 
North America and the process continues into late Paleoindian times and beyond 
as fluting technology is replaced by unfluted and eventually stemmed and 
notched projectile point forms (Kornfeld et al. 2010).   
The emergence of unfluted bifacial projectile points during Folsom is 
seen with Midland points which may be unfluted Folsom points (Bradley 2009). 
More research is needed on this technology to determine the extent to which 
Midland represents its own knapping style (Amick 1995; Bamforth 1991; 
Holliday and Meltzer 1996; Irwin-Williams et al. 1973; Kornfeld et al. 2010).   
Other unfluted technologies overlap with Folsom technology 
chronologically. The appearance of Plainview on the southern Plains and Goshen 
on the northern Plains illustrates this development. Similarities in lithic 
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technology, site types, and adaptation suggests Plainview and Goshen are one 
and the same. For the purpose of this dissertation, I will focus on Goshen sites 
from the northern Plains.  
Goshen 
 Goshen, the culutral complex associated with the Mill Iron site, included 
in my analysis, is discussed here. Goshen materials are only found on the 
northern Plains and adjacent Rocky Mountains (Frison 1996).  Goshen points 
exhibit transvere pressure flaking, are basally thinned, and have a slight 
concavity at the base (Frison 1991). Points similar to Goshen are usually 
attributed to the Plainview culture when discovered on the southern Plains 
(Waters and Stafford 2014). The Goshen complex on the northern Plains was 
originally thought to date somewhere in the Clovis period or perhaps overlapping 
early Folsom in some cases (Frison 1996). Redating of site materials discussed in 
later chapters as part of the analysis carried out in this dissertation as well as 
recent work by Waters and Stafford (2014) provides a new chronology for 
Goshen. New dates obtained from this study as well as Waters and Stafford 
(2014) indicate that Goshen falls in between 10,450 ± 15 and 10,175 ± 40 14C yr 
BP. 
 Sites containing Goshen materials are listed below. At Hell Gap a Goshen 
level was defined below the Folsom level (Frison 1996). Mill Iron site proved to 
be a Goshen site (Frison 1996). Goshen projectile points also emerged from the 
Jim Pitts site in South Dakota (Sellet 2001; Sellet et al. 2009) and the Upper 
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Twin Mountain site in Colorado (Kornfeld et al 1999; Kornfeld and Frison 
2000).    
Archaeological Sites Analyzed 
The following section outlines the background of the six Paleoindian sites 
included in this analysis (Figure 3.9). This research focuses on the early 
Paleoindian time period, 11,100-10,000 
14
C BP, when large-scale bison hunting 
is prevalent across the northern and southern Plains enabling an inter-regional 
comparison. Large-scale kill events may exist prior to this period, however, the 
archaeological record of such events is sparse (Frison 1978; Kornfeld et al. 
2010). For this research I collected data from three southern Plains early 
Paleoindian sites and from comparable sites on the northern Plains. The southern 
Plains sites include the Beaver River kill complex of northwestern Oklahoma 
which contains three arroyo trap kill sites: Cooper (34HP45; Bement 1999), Jake 
Buff (34HP60; Bement and Carter 2010), and Badger Hole (34HP194; Bement et 
al. 2012). The northern Plains sites are Mill Iron, Montana (24CT30; Frison 
1996), Agate Basin, Wyoming (48NA201; Frison and Stanford 1982; Hill 2008), 
and Carter/Kerr-McGee, Wyoming (48CA12; Frison 1984).  
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Figure 3.9. Sites included in this study. 
 
Southern Plains Sites 
Three arroyo trap bison kill sites located along the Beaver River in 
Harper County, Oklahoma constitute the Beaver River Complex (3.10).  The 
Beaver River bison hunting complex consists of large (> 10 bison), late 
summer/early fall, arroyo trap kills manned by groups using lithics that 
originated in various southern Plains regions, including the western Oklahoma 
panhandle, Texas panhandle, and central Texas (Figure 3.11). Occasional 
inclusion of individuals or groups from the central Plains is suggested by the 
occasional occurrence of tools or points made from sources in northwestern 
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Kansas and eastern Colorado (Bement 1999). These sites provide the samples 
from the southern Plains research due to the 500 radiocarbon year hunting 
duration at the kill complex.  
Pollen and phytolith analysis conducted at multiple sites along the Beaver 
River drainage provide an understanding of the ecosystem of the immediate 
region around the time the kill sites were in use (Cummings and Yost 2012a, 
2012b).  Soil samples taken from the Jake Bluff site provide the clearest record 
of environment along the Beaver River Complex.  
Vegetation in the modern setting includes xeric species of sagebrush, 
yucca, short grasses, and various stunted shrub oak. The riparian zones include 
oaks, hickory, cottonwood, mid-story juniper and occasional tall grasses.  
 
Figure 3.10. Beaver River Complex sites.  
 
Jake Bluff 
The earliest record of arroyo trap kills within the Beaver River drainage is 
found at the Clovis-age Jake Bluff Site (34HP60; Bement and Carter 2010).  






 on the west bench of the paleo-arroyo, 25 m
2







Figure 3.11. The map above shows the various lithic sources common to the 
southern Plains sites included in this analysis.  
 
within the central paleo-arroyo leaving 30 m
2
 unexcavated (Figure 3.12; Bement 
and Carter 2010). Two kill events were discovered at the site, one larger kill and 
butchering event dating to the Clovis period and a small remnant of a butchering 
event dating to the Folsom period. A Folsom point was located 1 m above the 
Clovis deposits and was made of Edwards chert from Central Texas. Due to the 
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scant remains at the Folsom level the use of this site during this time period is 
unknown. Multiple caliche cobbles were found in association with the point and 
highly fractured bone.  
The buried arroyo used to trap and kill the Clovis aged bison was roughly 
V shaped, it was a narrow 2 m wide and extended at least 20 meters (Bement and 
Carter 2010). As is often the case in arroyo systems more recent arroyo activity 
has truncated the paleo arroyo. The arroyo contains a mixture of in situ kill 
deposits as well as butcher piles (Figure 3.12). Gley deposits within the bone bed 
indicate undisturbed deposits (Hofman and Carter 1991; Hofman et al. 1991) 
under both the kill and butcher piles. Gley is caused when “large quantities of 
anaerobic bacteria from the killed animals’ rumen and adjacent native soil 
rapidly expand and populate the sediment and consume organic remains on 
bones. . . During metabolism the Fe +3 iron oxides are reduced to Fe +2 iron 
oxides, changing the sediment from red to gray” (Bement and Carter 2010).  
The kill event at Jake Bluff dates to 10,821 ± 17 
14
C BP (Bement and 
Carter 2010), post-dating all known Clovis mammoth kills and earning Jake 
Bluff a position as one of the latest Clovis sites in North America (Holliday and 
Meltzer 2010; Waters and Stafford 2007).  The timing of this site is significant 
because it marks a period when mammoth are dying off and reflects methods by 
which Paleoindian hunters began to adapt to the next highest ranking species left 
on the landscape, bison.  
Geologic coring along the north margin of the Beaver River floodplain 




(Bement and Brosowske 1999) and began filling with sediment until full, shortly 
after 10,000 
14
C BP.  This sequence parallels similar landscape histories 
identified in nearby regions (Holliday 1995). The development of the arroyo trap 
technique in this area was possible because of the existence of suitable short, 
steep-walled arroyos, large numbers of bison – at least seasonally – and the 
requisite number of hunters with the knowledge of bison trap hunting methods.  
Lithic material recovered from Jake Bluff’s Clovis level include four 
Clovis points, a 5
th
 point reworked into a drill, one large flake knife, 23 pieces of 
debitage, and 12 possible hammer stones, and a possible anvil stone. Three of the 
Clovis points are Alibates chert, and the fourth is a gray quartzite, either 
Morrison or Dakota formation (Figure 3.13). The Clovis points have a single 
flute on each face. Residue analysis conducted before cleaning (Bement and 
Carter 2010) resulted in bison in addition to a single point containing the result of 
black bear. Black bear remains from a single individual were found butchered 
and scattered within the bison remains (Bement and Carter 2010).  
The bone assemblage contains 1,915 identifiable specimens (NISP) and 
the minimum number of bison (B. b. antiquus) individuals (MNI) killed at Jake 
Bluff is 22 based on left proximal femora (Bement and Carter 2010). Based on 
tooth eruption patterns the kill took place during late summer/fall. If we assume 
calving occurred during April and May as it does currently then the kills occurred 




Figure 3.12. The portion of the Jake Bluff bone bed immediately below the knick 









Cooper (34HP45) consists of three separate kill events during a span of 
roughly 60 radiocarbon years. The state of Oklahoma purchased the property in 
1992 and created the Cooper Wildlife Management Area. Excavations at Cooper 
began in 1993 after turkey hunters discovered a Folsom point eroding near bison 
bones (Bement 1999). The seasonality of all three kill sites based on tooth 
eruption and wear pattern analysis indicated the kills occurred during the late 
summer early fall. MNI’s from each kill level are described below.  The actual 
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number of bison killed during this event is unknown due to excessive erosion 
occurring well before the discovery of the site. 
The upper kill at Cooper, dated originally to 10,600 ± 40 
14
C BP (Johnson 
and Bement 2009), measured 6 m from east to west by 4 m from north to south 
(Figure 3.14). A total of 972 identifiable bones were excavated from the upper 
kill. MNI by age indicates 29 individuals including three claves, two yearlings, 
six two year-olds, five three year-olds, three six year-olds, and two animals age 
seven or older. No animals fit the ten and older category (Bement 1999). Five 
bones within the upper kill level have signs of cut marks. Spiral fractures were 
found on five elements (Bement 1999).  
The lithic assemblage of the upper kill contains 13 complete or 
fragmented projectile points. The points are consistent with the Folsom 
technology. Five (38%) of the points were complete and ten (77%) are fluted on 
both surfaces. Ten of the 13 points were made from Alibates. Two were made 
from Edwards Chert. One point was made from Niobrara jasper (Figure 3.15). 
Flake tools include four flake knifes. A fifth knife was created from a channel 
flake (Bement 1999).  
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Figure 3.14. Upper Kill from Cooper (Johnson and Bement 2009). 
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Figure 3.15. Examples of Folsom points from each of the three Cooper kills. Top 
row, upper kill; middle row, middle kill; bottom row, lowest kill. 
 
Located roughly 25 cm below the upper kill the middle kill was originally 
dated to 10,535 ± 40 
14
C BP (Johnson and Bement 2009). What remains of the 
kill episode covered an area 5.5 m from east to west and 4 m from north to south 
(Figure 3.16). The western edge of the middle kill intermingles with the upper 
kill due to erosion and soil movement. The bison of the upper kill trampled the 
bones contained on this western edge of the middle kill during the later kill event 
(Bement 1999).  
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Figure 3.16. Middle Kill from Cooper (Johnson and Bement 2009). 
 
A total of 707 elements were recovered from the middle kill excavation. 
Age distribution of the MNI of 29 includes, one calf, five yearlings, nine two 
year-olds, seven three year-olds, four four year-olds, and three five plus year-
olds. No animals over seven years were present (Bement 1999). Fourteen cut 
marks were discovered during analysis predominantly located on ribs (10) and 
thoracic vertebrae (2). Only four elements displayed spiral fractures, 
predominantly metatarsals (Bement 1999).  
The lithic assemblage included seven projectile points (Figure 3.15). 
Three points were made of Edwards chert of the grey brown variety, the 
remaining four points were made from an Edwards variety known as Owl Creek 
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(Figure 3.15). Six of the seven points were fluted on both sides. Two flake tools 
were located in the excavation. The first was a secondary flake made from 
Ogallala quartzite. Ogallala comes from Rocky Mountain gravel outwash 
deposits found throughout the southern Plains. The second tool was made from 
Owl Creek Edwards chert (Bement 1999).  
The lowest kill was separated by a very thin layer of sediment between it 
and the middle kill. Trampling damage documented between the middle and 
upper kill is also evident between the middle and lowest kill. The lower kill 
contained a minimum of 20 mostly articulated individuals. The deposit spanned 
4m from east to west and 3m from north to south (Figure 3.17; Bement 1999). 
The lowest kill was originally dated to 10,505 ± 40 
14
C BP (Johnson and Bement 
2009). 
A total of 444 identified elements were recovered from this kill level. The 
20 individuals by age are one calf, one yearling, five two year olds, six three year 
olds, two four year olds, three five year olds, and two seven year old, no 
individuals older than six were recovered from this level (Bement 1999). Six 
specimens had cut marks and a single scapula had a spiral fracture. Seven 
Folsom points were recovered from the lower kill (Figure 3.15). Five of the 
points were fluted; two were not. The unfluted points were made from Alibates 
and Owl Creek. Two of the fluted points were made from Alibates, and one from 
the Owl Creek variety of Edwards; two were from the more common variety of 











Badger Hole (34HP194), the most recent bison kill site of the Beaver 
River Complex sites, was originally dated to 10,300 ± 30 
14
C BP (Bement et al. 
2012). The site was discovered in 2010 after a brush fire cleared the vegetation, 
exposing the eroding bison bone bed. Excavations I carried out in 2011 and 2012 
revealed a partially intact arroyo trap, with a section severely eroded and 
displaced to the west of the intact deposits. An MNI of 10 was determined from 
excavated remains. Seasonality follows the Beaver River Complex pattern of late 
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summer/early fall gleaned from tooth eruption patterns of mandibular molars 
(Todd et al. 1996).  
Prior to the 2011 excavation a 1 m x 2 m test unit was opened to 
determine the existence of an intact bone bed. The 2011 excavation opened a 4m 
x 6m block. Contained within this block were eight individuals including three 
calves, one yearly, one two-year-old, one four-year-old, once five-year old, and 
one seven plus year old. The articulated remains of the seven-plus year old and 
the four year old dominated the excavation block. The dentition analysis revealed 
an age of +0.3 years indicating a late summer/early fall kill as was seen within 
the other southern Plains sites.  
The main excavation area was expanded in 2012 to a 3 x 8 m area (Figure 
3.18). The 2012 excavation uncovered a butchering pile in the northeastern 
corner of the excavation unit. An articulated leg of a 3+ year old was uncovered 
at the south extent of the excavation unit.  
Also during 2012 I opened a 1 m wide by 8 m long test trench to intercept 
the western edge of the kill arroyo. This trench revealed an extensive area of 
bison bone which had been displaced from the original bone bed sometime after 
the arroyo filled. The trench extended 6 meters below the modern surface and 
documented that this portion of the bone bed has washed away from the original 
in situ bones in a westerly direction. The force of displacement severely 
fragmented the bones. Two Folsom projectile points were also recovered within 
this secondary deposit. 
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Numerous flakes were recovered at Badger Hole and a single flake tool. 
Four Folsom points have been recovered, including an Alibates Folsom point 
found in situ under the neck of the seven-plus-year-old (Figure 3.19). The 
additional points were eroding out of the bone bed, including the two recovered 
from a test trench dug to the east of the site. The second Alibates Folsom point is 
a midsection that was found in the profile slump. The third and fourth Folsom 
points were originated in secondary deposits along the western edge of the site in 
2012. The lithic assemblage was predominantly Alibates, though some Edwards 
chert and quartzite were also present.  
 
 





Figure 3.19. Folsom projectile points from the Badger Hole site. 
 
Northern Plains Sites 
The sites chosen for comparison on the northwestern Plains include Mill 
Iron, MT (Frison 1996), Agate Basin, WY (Frison and Stanford 1982), and 
Carter/Kerr-McGee, WY (Frison 1984). Mill Iron and Agate Basin have been 
extensively analyzed over the years. Less data is available on the Folsom level at 
Carter/Kerr-McGee. These sites were originally chosen for comparison because 
they contained enough samples for isotopic testing and the ages of the sites 
coincided with southern Plains sites, which provided a means to compare 
changes in environment and changes in herd mobility patterns in two areas across 
similar time periods (Figure 3.20). Early dating techniques at the three 
northwestern Plains sites produced dates with wide ranges of error, which have 
been reevaluated with radiocarbon dates from bone samples. Re-dating of site 
materials as part of this analysis however changed the chronology, which will be 





Figure 3.20. Original timeline of radiocarbon dates for the sites in the Beaver 
River Complex and corresponding northern Plains sites. 
 
Mill Iron (24CT30), located in eastern Montana, was discovered in 1979 
and excavated extensively from 1984 through 1988 by multiple academic and 
avocational groups. The principal investigator on the majority of the projects was 
Dr. George Frison who later produced a publication concerning the findings at 
Mill Iron, summarized below (Frison 1996). The Mill Iron site produced two 
clusters of dates ranging at both ends of the span from 11,360 to 10,760 
14
C BP 
(Frison 1996). The actual trap used to kill the bison at Mill Iron is missing but 
was interpreted as an arroyo trap due to the layout of the bones. The bone bed 
excavated at Mill Iron produced an MNI of 29 individuals, mostly cows, killed in 
a single event (Figure 3.21; Haynes et al. 1992). Seasonality was determined to 
be late spring/ early summer during or just after calving based on tooth eruption 
(Todd et al. 1996).  
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Figure 3.21. Mill Iron bison bone bed (Frison 1996). 
Agate Basin (48NA201), a multi component kill site and camp located in 
Wyoming, was first excavated in 1942 by Smithsonian archaeologists and then in 
1961 and 1975-1980 by University of Wyoming archaeologists. The Paleoindian 
use of Agate Basin spanned a period of significant climatic change from the Late 
Pleistocene to the early Holocene (Frison and Stanford 1982). Three kill levels 
are evident within the arroyo: a Folsom level with an MNI of 9 (Figure 3.22 and 
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3.23), an Agate Basin level, and a Hell Gap level. The Folsom level appears to be 
a winter kill based on tooth eruption patterns. Agate Basin’s Folsom component 
was dated from a small amount of charcoal producing the date of 10,430 ± 570 
14
C BP (Frison and Stanford 1982).  Freshwater snails located from Agate Basin 
indicate the trap was located near a consistent water source during the Folsom 
period (Evanoff 1982:359).  
Carter/Kerr-McGee (48CA12) is also a multicomponent kill site located 
in Wyoming. Four cultural levels include Clovis, Folsom, Agate Basin-Hell Gap, 
and Alberta-Cody (Frison 1984). The site was discovered in 1975 and excavated 
in 1977 as part of a cultural resource management salvage project. Headward 
erosion destroyed the majority of the kill deposits within the arroyo prior to 
excavation. Frison (1984) published predominately on the more extensive Cody-
Alberta level but makes little remark to the Folsom levels. It is likely that the 
remains excavated at Carter/Kerr-McGee were not in the location of the kill 
event but were removed from the nearby kill area to the excavated area for 
further butchering (Frison 1984). A hearth located at the Folsom level in addition 
to Folsom fluted points and channel flakes led to the dating of the Folsom level 
(Figure 3.24). Frison (1984) dated a charcoal sample from the Folsom hearth of 
Carter/Kerr-McGee produced a date of 10,400 ± 600 
14












Figure 3.24. Outline of multiple kill levels at Carter/Kerr-McGee (Frison 1984).  
 86 
A bison bone assemblage analysis is currently underway at the University of 
Wyoming for both the Folsom and Cody levels to determine MNI and 
seasonality.  
Summary 
The southern Plains sites contain 5 kill events in three sites along the 
same 700 m stretch of the Beaver River Complex. The northern Plains sites 
studied contain 3 kill sites. Mill Iron is a Goshen aged site. Carter/Kerr-McGee 
contains a Folsom kill level and a Cody kill level. Agate Basin contains three 
components, the Folsom component, the Agate Basin component and the Hell 
Gap component. For the purpose of this analysis I focused only on the Folsom 
levels at Carter/Kerr-McGee and Agate Basin. Further research when time and 
funds permit to further investigate the remains of the late Paleoindian period 
would be incredibly useful to gaining an understanding of change through time. 
For the purpose of this analysis I focused on the earliest events that may lead to 
an understanding of how the kill techniques were developed in the region. All 










Chapter 4: Methods Background 
The research questions posed by this research are: Do changes in 
environment correlate with changes in hunting technique?  Are changes in 
environment linked to changes in bison behavior? What were the mobility 
patterns of bison hunted in large kills during the Folsom and Goshen periods? 
We know that communal hunting develops at the end of the Clovis period on the 
southern Plains as discussed in previous chapters. To address the research 
questions requires the establishment of a firm site timeline, the reconstruction of 
environment during that time span, the structure of the grasslands, and bison 
mobility patterns. The methods selected to obtain this data are AMS radiocarbon 
dating of bison bone from southern and northern Plains bison kill sites; stable 
carbon and nitrogen isotope analysis of bison bone from these same kill sites; and 
trace element analysis of bison tooth enamel from these same kill sites and 
modern bison herds. 
To tighten our understanding of the temporal context of these kills the 
sites are re-dated using XAD purified bison bone collagen and AMS techniques 
to provide error ranges around 25 years. Stable isotopes are used to determine the 
composition of the grasslands consumed by the bison thereby enabling the 
reconstruction of the paleoenvironment inhabited by the bison and their hunters. 
Lastly trace element analyses on bison teeth, in connection with stable isotopes 
from bone, were used to determine the extent to which bison migrated. This 
combination of data and analyses provides the means to further our 
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understanding of the environments in which Paleoindians lived and the behavior 
and mobility patterns of the bison on which they depended.  
Stable Carbon and Nitrogen Isotopes 
 The following section will discuss the basics of stable isotope research 




N in the reconstruction of grasslands. I will also 
discuss the use of coefficient of variance (CV) a statistic that provides a visual of 
variation in isotopes within a bison herd population, which provides a means to 
quantify relative mobility.  
Bison are grazing animals whose trophic level is one step above the level 
of the grasses consumed (Figure 4.1). Grazers in particular are useful for 
reconstruction of paleoenvironments because they are eating either C4 or C3 
grasses (Coppedge et al. 1998; Feranec 2004; Larson et al. 2001; Steuter et al. 
1995; Tieszen 1991, 1994; Tieszen et al. 1998).  C4 and C3 plants indicate two 
types of environmental signature, which will be discussed in detail below. These 
plants leave a 
13
C stable isotope signature in the bones, which provides a means 
to analyze environmental settings of extinct species  (Hoppe et al. 2006; Larson 
et al. 2001; Tieszen 1991). Archaeologically this is a useful means of analysis 
because bison bones are often well preserved and can be studied to reconstruct 
environments that are difficult to understand by other means such as pollen or 
phytolith analyses. However, there are taphonomic factors that can affect the 
preservation of bone. The process in which stable isotopes find their way into 
bone collagen must also be understood to ensure that the samples under analysis 
contain information related directly to the animals and environment and not to 
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the process of degradation which has occurred since the animal’s death. This 
degradation process is known as diagenesis.  
 
 
Figure 4.1. Demonstrates trophic level. The 1
st
 trophic level is that of plants, the 
second of primary consumers of plants such as bison, trophic level increases as 
consumers move further away from subsistence of the main producer, plants. The 
4
th
 trophic level is that of carnivores.  
 
Photosynthesis and Isotopes: Variation, Carbon, and CO2 
The following section provides a brief outline of the photosynthetic 
processing of CO2 from the atmosphere and how it affects the carbon value of 
plants. Because there are only three categories of plants, and those categories 
have been consistent through time, isotopes provide a means to understand 
paleoenvironments through time and across trophic levels (Coppedge et al., 
1998; Feranec 2004; Koch et al. 1998; Larson et al. 2001; Steuter et al. 1995; 
Tieszen 1994, 1998). However, the amount of CO2 in the atmosphere has not 
been constant through time, which leads to variation in stable C isotopes (Friedli 
et al. 1986; Marino and McElroy 1991; Marino et al. 1992), which provides 
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additional challenges for interpreting early sites.  
Carbon (C) and nitrogen (N) have stable isotope forms often studied 
archaeologically in animal remains (DeNiro and Epstein 1978; Hoppe et al. 




C content in plants and 
the process in which photosynthesis drives the variation between plants (Julien et 
al. 2012; Tieszen 1991, 1994). There are two classifications of grasses bison 
consume, C3 and C4 grasses, and each grass indicates a different kind of 
environment (Tieszen 1991, 1994). C3 grasses generally grow in wet, cool 
environments where as C4 grasses are hardier and grow in dryer hotter 
environments. But what drives the variation between C3 and C4 grasses?  
CO2 in the atmosphere is absorbed into plants differently dependent upon 
the plant (DeNiro and Epstein 1978; Larson et al. 2012). There are three groups 
of plants that process CO2 through different photosynthetic pathways; these 
plants are C3, C4, and CAM. C3 plants represent the most common plant type. 
They use a simple photosynthetic process that leads to a 3 carbon compound, 
giving these plants their classification. These plants typically are successful in a 
mesic environment. C4 plant photosynthesis conserves water, is more energy 
efficient, and more complex. C4 plants typically grow in xeric environments. 
Plants that employ the CAM pathway are typically cactus species (Stowe and 
Teeri 1978; Szarek and Ting 1977; Teeri et al. 1978) and can fluctuate 
between C3 and C4 pathways. CAM plants are not typically ingested by bison. 
They do however use photosynthesis similar in complexity to that of C4. These 
photosynthetic pathways are influenced by climate thereby enabling 
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environmental reconstruction (Koch et al. 1998).  
Due to the increase in CO2 in the atmosphere since the industrial 
revolution prehistoric samples are expected to be more negative than modern 
samples (Larson et al. 2012). These numbers fluctuate dependent on materials 
tested. Everything from hair, to bone collagen, tooth apatite, and feces can be 
analyzed for stable isotopes (DeNiro and Epstein 1978; Hoppe et al. 2006; 
Tieszen 1991). Bone and teeth are the most common organic remains preserved 
in archaeological context hence the most commonly analyzed.  
Degradation of Samples 
Degradation of sample quality is another issue that archaeologists need to 
consider when studying stable isotopes from prehistoric contexts. This process of 
degradation and change of a sample is called diagenesis. In the case of bone 
samples the element under study is the collagen in the bone and enamel in the 
teeth. The apatite is contained in the bones and tooth enamel. The dentine in teeth 
is rarely used because it has a greater risk of being altered by diagenetic 
processes (Tutken and Vennemann 2011a). Collagen in bone has a higher 
likelihood of being altered through diagenesis than the apatite component in 
either bones or teeth. Tooth enamel has a larger crystalline structure making it 
stronger and more likely to retain its original composition when compared to the 
crystalline structure of collagen (Tutken and Vennemann 2011a).  
From the time an animal dies the remains are subject to alteration from 
the environment. This process is studied through taphonomy. When studying 
isotopes researchers hope to isolate the original stable isotopes from the bone or 
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tooth, which indicate the grazing patterns of the animal while it was alive, 
(Hoppe et al. 2006; Julien et al. 2012; Tieszen 1994). This can aid in 
understanding past grazing range and be used to reconstruct past environments 
(Julien et al. 2012; Tieszen 1991). Diagenesis can alter those results by 
introducing or degrading the elements under study. The first stage of diagenesis 
can occur during decomposition and burial. Decomposition is a chemical 
process, which, under some conditions, changes or destroys collagen or tooth 
enamel. Understanding the environment of deposition is a key factor in being 
able to determine the degree to which diagenesis could be a possibility for the 
samples under study (Tieszen 1991). For example acidic environments rarely 
preserve viable samples for isotopic analysis. Also special factors such as 
distance from coal seams, which could increase the overall C composition of the 
bone or tooth must be taken into account (Kohn et al. 2013).  
Many steps are involved in the process of CO2 moving from the 
atmosphere and being processed by plants in the form of photosynthesis. These 
plants are then ingested by large herbivores and C is then laid down in the bones 
and teeth of the grazing animals. If diagenesis has not degraded the collagen and 
apatite of a sample, then they can be studied to gain an understanding of the C3 or 
C4 plants consumed by grazers. This information can then be used to reconstruct 
ranging patterns such as migration and paleoenvironmental reconstruction is 
areas such as the Plains where pollen and other means of paleoenvironmental 
reconstruction are often not preserved.  
 93 
The isotopic composition of the nitrogen in an animal reflects the 
nitrogen isotopic composition of its diet. The 
15
N values of the whole bodies of 
animals are usually more positive that those of their diets, (DeNiro and Epstein 
1981). Variation in the food sources 
15
N   has to be present in order for the 
15
N 
to say anything about the diet of the animal. Typically 
15
N is used to determine 
if legumes, vs. non-legumes, or aquatic resources are present within a diet. Like 




N.  Plants which can fix 





N ratios than those which must assimilate other 
forms of inorganic nitrogen, such as ammonia or nitrate, (Delwiche and Styn 
1970: Delwiche et al. 1979). Plants capable of nitrogen fixation in terrestrial 
ecosystems are almost exclusively legumes. Blue green algae are responsible for 
most of the molecular nitrogen fixation that occurs in aquatic systems (Burns and 
Hardy 1975). A fair amount of variation occurs in N ratio dependent on where 
the plants grow and at what time of year (Delwiche et al. 1979; Mankin et al. 
2007). However, for the purposes of this analysis 
15
N is generally used to 
determine the extent of diagenesis affecting the samples. The 
15
N provides an 
indicator for moisture (Murphy and Bowman 2009) and when combined with the 

13
C can provide a clearer understanding of the landscape in which the bison 
moved.  





N can then provide a means to reconstruct the environments in which the 
bison ranged, which also provides a means to understand the landscape in which 
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Paleoindians hunted. In addition to paleoenvironmental reconstruction bison 
isotopes can also be used to determine the extent of migration within a group. 
Because bison are migratory animals the grasslands that they range across change 
structure between high C4 and high C3 grasses. In order to understand the amount 
of variation in herd diet the CV is used to determine the amount of variation 
present. The larger the mobility range of the animals the wider the CV in range 
of variation in isotopes. The application of CV will be discussed further in the 
context of the analysis in Chapter 6.  
Stable isotope analysis has long been determined an acceptable means of 
analysis to determine diet and, in some cases, mobility among prehistoric species 
(Balasse 2002; Beard and Johnson 2000; Fricke and O’Neil 1996; Gadbury et al. 
2000; Sharp and Cerling 1998; Wiedemann et al. 1999). Isotopic analysis 
provides an excellent means to analyze diet variation, but has limitations. The 
array of carbon and nitrogen isotopes cannot map an animal’s exact movement 
across a landscape. Additional data is necessary to determine where exactly on a 
landscape an animal has traversed. Isotopes can enable an understanding of 
mobility, such as resident vs. migratory as seen above but the actual direction and 
distance of travel is unknown. In order to correct for these disadvantages I 
selected trace element analysis to provide a means to track animal movement 
across the landscape.  
In the following section I describe the methods used for trace element 
analysis of bison teeth in determining the migration range of bison from kill site 
contexts.  I discuss the common uses of trace element analysis and the relatively 
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new method under development to trace migration of animals and potentially 
people on the landscape through this analysis.  
Trace Element Analysis  
Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) has been used in archaeology on ceramics, glass, metals, obsidian, and semi 
precious stones (Speakman and Neff 2005).  Due to the ability to target specific 
areas the method has been used to analyze the temporal variation of element 
composition in human teeth (Budd et al. 1998; Cox et al. 1996; Cucina et al. 
2007; Dolphin et al. 2005; Lee et al. 1999; Lochner et al 1999). It has also been 
used to estimate trophic levels of past humans and other hominids (Burton et al. 
1999; Lee-Throp and Sponheimer 2006; Sillen 1992). Using trace elements to 
track bison migration was first attempted by Adam Graves in his 2010 
dissertation. Many of his results will be summarized here to demonstrate how the 
method he proposed works. While trying to determine trophic levels in trace 
elements of teeth Kohn et al. (2013) came to the realization that grazers ingest a 
substantial amount of dirt, and thus elements, from grazing and water sources. 
This discovery further supports the potential for mapping animal movement 
through trace element analysis.  
Surface and Bedrock Geology and Bison Teeth 
Just as geologists collect hand samples while traveling across a region 
bison, too, collect trace elements in the water they drink and the grasses they 
consume. These trace elements can be tested for and analyzed to gain an 
understanding of the land bison traverse through a year of their lives. Required 
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for the trace element analysis are bison tooth samples from either the mandibular 
fourth premolar or third molar (Graves 2010). Both of these teeth form after 
weaning, eliminating the possibility of trace element filtering through the 
mother's body (placental filtering and lactation). The laser ablation sampling 
technique removes any surface material through a pre-sampling ablation run that 
scours the surface, eliminating the need for special handling at the time of 
excavation (Speakman and Neff 2005). Modern bison are restricted in their range 
territory providing a proxy sample in which to compare prehistoric samples in 
order to map the movement of the animals across a landscape. Eruption and wear 
patterns of bison teeth enable seasonality to be assigned to the various segments 
of tooth formation, which enables the linking of seasonality to geographic 
location (Frison and Stafford 1982; Frison and Todd 1987).  
Looking at a bison tooth from a prehistoric context alone is not sufficient 
to gain an understanding of migration. Since the geologic signature has been 
processed through a biological system to enter the tooth a similarly processed 
sample must be used for comparison. In this case modern residential bison teeth 
were used. A modern animal tooth will contain the geological signature of the 
restricted range in which it grew up. By using these samples as a baseline 
prehistoric samples can then be compared to the modern samples to accurately 





Making Sense of the Data 
While it is possible to analyze for all elements in the periodic table by this 
technique, elements selected are only those incorporated in tooth enamel (Graves 
2010; Hillson 1986). The values for these elements are log transformed (Neff 
2002; Speakman and Neff 2005) and then analyzed. The initial study conducted 
by Graves (2010) used Principle Component Analysis (PCA) to determine 
migration patterns. To understand how animals moved across the landscape the 
prehistoric samples plot against the first order principle component, which was a 
representation of the selected elements for several samples for several locations 
(Graves 2010:131). Averages of the samples taken from resident herds by Graves 
were then grouped together to mark regional areas. The prehistoric samples are 
then plotted with the region samples to track movement of prehistoric animals. 
By comparing this suite of data we can see the movement or lack of movement in 
prehistoric samples.  
The real purpose of my analysis is to locate suites of elements and the 
presence or absence of certain elements to be able to determine if two samples, 
archaeological or modern, share the same elemental signature, or have different 
signatures. This is accomplished by running discriminant analysis in JMP where 
the statistical program groups clusters of elements using principle component 
analysis, which provide the most variability and provides an elemental signature 
from the landscape. Modern bison teeth from limited area herds (herds born and 
raised in small-area preserves) provide the geographic signatures for their 
respective places on the map. Since the surface geology of an area is fixed, the 
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modern bison tooth elemental composition serves as an analog for that 
geographical area. In addition, any biological filtering that occurs in the bison 
physiology is held constant.   
If necessary, all samples taken on one tooth can be averaged to provide a 
single overall signature, as is done for each modern tooth of known geographical 
provenance. However, even for modern samples the individual sampling lines are 
analyzed to provide an annual cycle of elemental uptake. This is vital to be able 
to determine if the animal was in fact raised at the range or if the animal was 
reared elsewhere and sold to the ranch as is common among modern herds. If this 
is the case a drastic change in individual sample lines is obvious in the results. 
The movement of the animal shows up as a change in elemental composition in 
the down tooth sample and provides cause for the tooth to be excluded from the 
analysis.  
Elemental values vary seasonally due to changes in water turbidity or dust 
thickness on vegetation (two known sources of elemental ingestion). For the 
prehistoric samples it is necessary to separate signatures for each down tooth 
location separated by known time interval. In this way I can compare each of 
those results with the averaged results from the modern bison samples to create a 
mapping of the prehistoric bison on the elemental landscape.  
Trace elements from teeth and bone can be correlated with elements 
associated with soil, water, and plants (Driessens and Verbeeck 1990:287; 
Harper and Reed 1964; Kohn et al. 2013; Schneider and Blakeslee 1990). For the 
purpose of trace element analysis changes in surface and bedrock geology are 
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important to study the movement of animals. However, the complete mapping of 
elemental compositions of water, soils, and plants across a region as expansive as 
the Plains is cost prohibitive (Graves 2010:60). In addition to the monetary costs, 
such an analysis would take decades. In addition to being cost prohibitive this 
analysis would then have to be corrected for the biofilter of the bison who grazed 
across that landscape. To correct for these limitations the use of modern bison 
from ranches provides the elemental signature as well as the biofilter to recreate 
the necessary elements for trace element comparison with archaeological samples 
(Graves 2010).  
A map of the surface geology is provided for both Oklahoma and the 
northern Plains to give a visual representation of the changes in surface geology 
across the region. The geology across the Plains is particularly diverse as 
landforms have weathered and changed through time. On the northern Plains 
(Figure 4.2) large sections of the northeastern regions are predominated by Upper 
Cretaceous Carlisle shale, while the central northern region is mostly Paleocene 
Fort Unions formation. Wyoming and Montana are particularly complex in 
geology, enabling a solid basis for interpreting trace elements and animal 
movement and migration. Oklahoma geology is equally complex (Figure 4.3) 
with Quaternary and Tertiary deposits common on the western half of the state, 
Jurassic deposits in the central portion of the state and Pennsylvanian aged 




Figure 4.2. Northern Plains Geological distribution converted from Love and 







Figure 4.3.  Oklahoma geological distribution from Carter and Gregory (2008) 





Bison Teeth and Trace Elements 
Studies conducted by Graves (2010) for his dissertation work at the 
University of Oklahoma indicate that Bison bison antiquus and Bison bison bison 
teeth contain geological signatures laid down during tooth formation which can 
be analyzed using LA-ICP-MS and linked to the geological signature of a 
landscape thereby enabling a mapping of migration patterns. The significance of 
this research enables us to see where bison were moving on the landscape before 
falling prey to Paleoindian hunters. The archaeological significance in tracking 
migration is that people can intercept predictable migrating herds rather than 
following them.  If we can determine where the bison were traveling we can 
begin to determine the means in which social organization of Paleoindian hunters 
could focus around the movement of the herds.  
Mature bison teeth are made predominantly of hydroxyapatite, a 
crystalline compound composed of calcium and phosphate (Ca10(PO4)(OH)2). 
The enamel of a tooth consists of isotopes and trace elements incorporated during 
mineralization (Curzon and Cutress1983:33; Dreissens and Verbeeck 1990:237; 
Schneider and Blakeslee 1990). The trace elements in tooth enamel can be 
correlated with trace elements found in soil, plants, and water (Harper and Reed 
1964). Because tooth enamel is not affected appreciably by diagenesis (Curzon 
and Cutress1983:33; Molleson 1988) the composition reflects that of the diet of 
the animal. The formation and mineralization of tooth enamel (amelogenesis) 
begins at the occlusal surface and proceeds downward to the cementum-enamel 
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junction (CEJ) (Balasse 2002; Graves 2010). Diet drives variation in isotopic and 
elemental concentrations down the tooth.  
Bison are born in the same season every year. Because of this their teeth 
grow in predictable patterns, which enables researchers to determine what season 
a portion of tooth represents. By using LA-ICP/MS, samples can be taken at 
intervals down the tooth, and can then link to seasonality. The season and 
location of the bison during that time can be determined (Figure 4.4). The teeth I 
analyzed are the P4 and M3 (Figure 4.5). These teeth only contain data for one 
year of life (P4) or 1.4 years (M3). If a bison changed migration patterns, or 
joined a different herd after the period of tooth development that information is 
not represented in the tooth. We are gaining a picture of one animal’s migration 
during the first years of development when the animal still travels with its 
mother. As mentioned in previous chapters bison are herd animals and 
female/calf herds are the large herds targeted by Paleoindian hunters. So 
sampling the tooth and gaining the year of migration provides a reasonable 
picture of migration of the herd as represented in the juvenile/mother bond, 
juvenile/mother/mother’s sisters bond, and juvenile/mother/mother’s sisters/lead 





Figure 4.4. Markers on teeth indicate the sample area with lines reaching to the 
associated region indicated by trace elements at that sample area adopted from 











To gain a clearer understanding of the ecosystem in which Paleoindian 
bison hunters ranged and the mobility of the bison they hunted the above outlined 
methods were employed. Re-dating bone material provides a strong 
chronological framework for the project. Stable isotope analysis provides a 
means to reconstruct environmental change though time and trace element 
analysis tracks bison movement across the landscape. Combined, all of these 
methods provide the information necessary to gain a fuller understanding of the 
setting in which large-scale bison kills in the Paleoindian period took place. 
When analyzed together this data provide a means to understand how bison and 
those who hunted them moved across a changing landscape. In the following 
chapter I present the results of the analytical methods on samples from the 










Chapter 5: Methods 
 In this chapter I outline the methods employed in this dissertation 
research. My work focuses on three main analysis, AMS dating, stable isotope 
analysis, and trace element analysis.  The sites selected for this analysis are three 
southern and three northern Plains bison kill sites associated with an arroyo trap.  
When selecting sites for comparison I chose sites that were from the Folsom time 
period, or the transitional Clovis time period. Mill Iron was chosen because it 
dated to the same period as Jake Bluff the Clovis kill on the southern Plains. The 
dates and sites had to contain a high enough number of bison individuals to 
provide 5 separate individuals to sample for stable isotopes and 3 separate 
individuals to sample for radiocarbon dates. The reasoning behind these number 
is described below.  
AMS Dating 
 In order to reevaluate bison kill sites in proper temporal context, re-dating 
of bone material was necessary. I collected a minimum of three samples per site 
from extant materials to date the bone material and determine if previous dates 
were accurate. Brendan Culleton and Douglas Kennett conducted the 
14
C analysis 
in the Human Paleoecology and Isotope Geochemistry Lab, Department of 
Anthropology at Pennsylvania State University. They employed the AMS 
radiocarbon method of XAD purified collagen outlined by Stafford et al. (1988, 
1991) to gain new assays with minimal error ranges.  
 The dates are then averaged to obtain a mean age of the site materials. 
Where more samples were available they are included to further strengthen the 
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date. Radiocarbon years are used throughout my discussion due to 
inconsistencies in carbon in the environment during the Younger Dryas which 
cause problems for calibration of radiocarbon dates (Meltzer 2009).  
I will discuss the results of this analysis further in the following chapter 
however the AMS dates changed our understanding of the temporal context of 
the northern Plains sites. Re-dating early excavated sites has become incredibly 
important in recent decades and has been taken on by archaeologists (e.g. Mike 
Waters and Thomas Stafford 2007, 2014). Re-dating of materials with AMS is 
crucial to furthering our understanding of the Paleoindian record, which 
anthropologists of recent years have been evaluating without a clear temporal 
context. If we, as researchers, are going to be able to say anything about cultural 
development in the Paleoindian period we must first back up and reexamine the 
basic temporal context of sites.   
Southern Plains 
 Previous AMS samples for dating the sites on the southern Plains were 
combined with new dates to further tighten the chronology of the sites. The total 
sample number of previous dates from Jake Bluff was sufficiently dated with five 
radiocarbon dates on five different individuals. No further samples were dated 
from Jake Bluff. Cooper had a single AMS date for each kill level. This number 
was increased to three per kill site by dating an additional two samples per kill 
level. The Badger Hole site was unexcavated at the beginning of this analysis 
therefore three samples were dated as part of my study after excavation.  
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Northern Plains  
 Northern Plains sites were previously excavated in the 1980’s, 1990’s and 
earlier. Dates obtained from these early excavations produced results with large 
error ranges, typical of charcoal dates. Three additional bone samples were 
collected from all three sites in order to gain a clearer picture of northern Plains 
chronology. Mike Waters and Dennis Stafford were also working on re-dating 
materials from Mill Iron during the time of this research and their dates are 
included in the overall mean for Mill Iron, which will be discussed in the 
following chapters.  
Stable Isotopes  
 To reconstruct paleoenvironments at the kill sites I obtained stable 
isotope data from bones from individuals at all six sites under analysis. To be 
considered for comparison the animals had to be 3 years old or older, past 
weaning, to gain a clear record of isotopes related to grasslands not the 
consumption of mother milk. As demonstrated by Hoppe (2006) five samples 
provide sufficient data to indicate environment. The Human Paleoecology and 
Isotope Geochemistry Lab, Department of Anthropology at Pennsylvania State 
University ran the stable carbon and nitrogen isotopes on collagen from bison 
bone for this study (table). 
In order to make sense of C results archaeologists and biologists analyze 
the 
13




C (Ambrose 1990; Koch et 
al. 1998).  




Cstandard)-1]x1000 .   
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The international reference was V-PDB. The 
13
C of the sample will break into 
two groups if C4 and C3 plants are present. C3 plants, which include all trees, 
most shrubs and herbs and grasses in cool regions and closed-canopy, 
tropical forests, have low 13C values (-27 ± 3 parts per mil (‰)), whereas 
C4  plants, which include warm/ dry climate grasses, sedges and some 
herbs, have higher values (-13± 2 ‰) (O’Leary 1988; Tieszen and Boutton 
1983). The mean  13C value for C3 plants will be in the range of -26 ‰ to -28 
‰, while C4 plants will usually group in -12 ‰ to -14 ‰ (Tieszen et al. 1998). 
In order to interpolate 
13
C into percentage of C4 grasslands following 
Chisolm et al. (1986) and others (Hart and Lovvorn 2002; Lovvorn et al. 2001; 
Leyden and Oetelaar 2001) two equations are used.  








C4mean) x 100 
or from the equation describing the regression line:  
% C4 plants= (
13
Cobserved+21.5)/0.14 
The results of this analysis are assumed to have an error range of 5% (Chisolm et 
al. 1986:197).  
The 
15
N was also collected as a check for sample degradation and can be 
used to reconstruct the paleoenvironment to some extent.  The same bone 
samples used for 
13
C analysis were used for 
15











N reference) -1] x 1000 ppm. The 
international reference was atmospheric nitrogen (AIR). 
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Techniques to determine the extent to which samples have been altered 
through diagenesis have been developed. Collagen can be assessed by taking the 
atomic C to N ratio of the prehistoric sample and comparing it to a modern 
sample (Ambrose 1990; DeNiro 1985; Tieszen 1991; Tutken and Venneman 
2011). If the ratios are similar the collagen has preserved. If the ratios vary 
greatly from modern values then the sample is likely degraded and cannot be 
used for accurate analysis, the acceptable range is between 2.9 and 3.6 (Ambrose 
1990).  
The Coefficient of Variance (CV) can be used to compare samples from 
archaeological sites. The CV is defined by the ratio of the standard deviation to 
the mean. It is a means of measuring the magnitude of distribution. The CV is 
included as part of the stable isotope analysis to determine migration or residency 











Table 5.1. The table of materials analyzed for dates and isotopes. The sites 
named without asterisks represent previously ran isotopes or dates included in the 







Site	Name Site	Number Bone	number Element Analysis δ13C δ15N %C %N C:N	atomic
*Agate	Basin 48NO201 1126 Humerus Date	&	Isotopes -18.03 5.50 23.75 8.41 3.29
*Agate	Basin 48NO201 1152 Humerus Date	&	Isotopes -18.19 4.65 24.69 8.87 3.25
*Agate	Basin 48NO201 349/	F1306 Tibia Date	&	Isotopes -18.37 5.33 29.10 10.48 3.24
*Agate	Basin 48NO201 1149/	F1555 Humerus Isotopes -19.41 6.15 18.06 6.45 3.27
*Agate	Basin 48NO201 1852/F1440 Femur Isotopes -17.04 4.92 23.79 8.50 3.26
*Agate	Basin 48NO201 833/	F1718 Femur Isotopes -18.60 7.18 24.52 8.81 3.25
*CKM 48CA012 0G002 Femur Date	&	Isotopes -13.08 6.70 17.95 6.18 3.39
*CKM 48CA012 0G003 Tibia Date	&	Isotopes -18.54 7.21 17.00 6.07 3.27
*CKM 48CA012 0G023 Femur Date	&	Isotopes -16.38 4.92 25.57 9.13 3.27
*CKM 48CA012 UMF0125 petrous Date	&	Isotopes -16.93 7.99 24.29 8.54 3.32
*CKM 48CA012 0G008 2nd	phalanx Isotopes -18.68 7.24 18.75 6.71 3.26
*Mill	Iron 24CT30 24CT30-6787 Petrous Date	&	Isotopes -19.02 7.26 16.23 5.69 3.33
*Mill	Iron 24CT30 24CT30-7477 Petrous Date	&	Isotopes -18.68 5.86 16.18 5.67 3.33
*Mill	Iron 24CT30 24CT30-8030 Humerus Isotopes
*Mill	Iron 24CT30 24CT30-7584 Femur Isotopes -19.15 6.68 23.43 8.36 3.27
*Mill	Iron 24CT30 24CT30-7514 Humerus Isotopes -16.95 5.43 27.75 9.86 3.28
*Mill	Iron 24CT30 24CT30-7309 Humerus Isotopes
*Jake	Bluff 34HP60 BN136 L.	Femur Isotopes -8.10 11.10 14.70 5.06 3.42
*Jake	Bluff 34HP60 BN797 L.	Tibia Isotopes -8.17 11.02
*Jake	Bluff 34HP60 686 #1 Femur Isotopes -17.12 -48.66 0.95 0.08 14.54
*Jake	Bluff 34HP60 802 #1 Femur Isotopes -14.69 -2.10 1.62 0.29 6.63
*Jake	Bluff 34HP60 838 Humerus Isotopes -12.89 6.48 5.62 1.68 3.91
*Cooper	Upper 34HP45 494 R.	Petrous Date	&	Isotopes -10.93 8.38 25.85 9.07 3.33
*Cooper	Upper 34HP45 496 R.	Petrous Date	&	Isotopes -9.86 8.05 23.43 8.55 3.20
Cooper	Upper 34HP45 BN657 Isotopes -9.48 6.71 3.52
Cooper	Upper 34HP45 672 R.	Femur Isotopes -14.80 7.70
Cooper	Upper 34HP45 BN674 Isotopes -11.60 8.60
*Cooper	Middle 34HP45 695 L.	Petrous Date	&	Isotopes -16.34 6.42 29.01 10.51 3.22
*Cooper	Middle 34HP45 768 L.	Petrous Date	&	Isotopes -11.40 9.04 29.12 10.66 3.19
Cooper	Middle 34HP45 BN731 Isotopes -10.18 9.06 3.34
Cooper	Middle 34HP45 BN752 Isotopes -10.40 8.70
Cooper	Middle 34HP45 BN740 Isotopes -10.30 7.60
*Cooper	Lower 34HP45 774 R.	Petrous Date	&	Isotopes -13.92 6.98 28.19 10.31 3.19
*Cooper	Lower 34HP45 856 L.	Petrous Date	&	Isotopes -9.18 10.10 28.34 10.37 3.19
*Cooper	Lower 34HP45 836 L.	Petrous Date	&	Isotopes -10.20 8.97 29.64 10.83 3.19
*Cooper	Lower 34HP45 BN803 Isotopes -11.53 7.94 9.44 3.21 3.43
Cooper	Lower 34HP45 BN866 Isotopes -11.74 9.83 4.15
Cooper	Lower 34HP45 744 Isotopes -13.80 6.70
Cooper	Lower 34HP45 BN800 Isotopes -9.60 7.50
*Badger 34HP194 341 L.	Petrus	frag Date	&	Isotopes -12.12 7.25 14.62 5.45 3.13
*Badger 34HP194 276-1 Petrous Date	&	Isotopes -19.39 6.09 28.30 10.11 3.27
*Badger 34HP194 593 R.	Humerus Date	&	Isotopes -12.11 8.17 24.41 8.63 3.30
*Badger 34HP194 BN298 Radius Isotopes -15.06 8.88 11.01 3.58 3.58
*Badger 34HP194 BN266 Humerus Isotopes -15.23 4.95 14.40 4.85 3.46
*Badger 34HP194 BN363 Humerus Isotopes -12.82 4.79 8.43 2.70 3.64
*Badger 34HP194 266 Humerus Isotopes -14.01 5.80 15.07 5.63 3.12
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Trace Elements  
 For the trace element analysis I collected archaeological tooth samples 
from the mandibular 4
th
 premolar following the methods employed by Graves 
(2010).  The fourth premolar as discussed in Chapter 4 forms after weaning and 
comes into wear when the animal reaches the age of 4 years old. The goal was to 
obtain teeth before they came into wear, though in some cases slight wear had 
occurred on the surface of the teeth. 
LA-ICP-MS 
LA-ICP-MS is a high precision microscopic sampling technique 
(Speakman and Neff 2005) that allows minimally destructive sampling at the 
microscopic level. Damage from the laser is not visible to the naked eye. 
However in order to fit the sample in the chamber it must be removed from the 
mandible which can be accomplished with a Dremel tool with great care so that 
the sample can be glued back into place when analysis is completed.  Individual 
enamel rows were sampled every 5 mm. The number of sample areas per tooth 
depended on the condition and size of the tooth. The separation between each 
down-tooth sampling location represents a known time interval of enamel 
formation. The 5 mm wide strip down the middle of each tooth was lightly 
abraded to remove surface contaminants prior to analysis. Every 5 mm equals 
two months of tooth formations (Graves 2010). Because of this it is possible to 
obtain an elemental signature at specific time intervals, representing the various 
places on the landscape visited by the bison (Graves 2010).  
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The parameters set for the LA-ICP-MS are included in Table 5.2. The 
laser samples the tooth in 5 mm increments down the tooth from CEF to crown. 
Each ablation samples three passes in one line and these samples were averaged 
to determine the elemental composition of that portion of tooth. Glass blanks 
were used before and after each tooth sample to aid in calibration of the machine. 
After the LA-ICP-MS runs the trace element analysis the machine moves the 
data to a table, which then has to be calibrated using the glass blanks to 
compensate for instrument drift. Data were then calibrated to parts per million 
using the NIST glasses, with 
43
Ca as an internal standard. 
Trace Elements and the Periodic Table 
Mapping a wide range of elements with LA-ICP-MS results in thousands 
of lines of data not necessarily useful for determining the movement of bison. 
However, the analysis of 26 elements, discussed below, provides the data 
necessary to discriminate regions within the Plains. In order to separate the useful 
elements from the background noise a few steps are necessary. First data were 
calibrated by the lab to parts per million using the NIST glasses, with 
43
Ca as an 
internal standard. Then the elements eliminated from the study were removed 
and remaining elements were Log transformed. The regional modern samples 
were plotted in a discriminant analysis with prehistoric samples overlain on the 
regional results providing a map of movement of prehistoric animals through 






Table 5.2. Settings used for LAICP MS analysis with experiment parameters. 
  
Settings for Instrument Tune on NIST612 
 Ablation 
Pattern Laser 
Passes  10 Output (%) 60.0 
Scan Speed 
(µm/sec) 
10 Rep. Rate (Hz) 20 





Passes  3 Output (%) 80 
Scan Speed 
(µm/sec) 
100 Rep. Rate (Hz) 20 




Passes  10 Output (%) 60.0 
Scan Speed 
(µm/sec) 
10 Rep. Rate (Hz) 20 
Depth/Pass (µm) 5 Spot Size (µm) 100 
 
Pattern Type: Raster / Line / Spot 
 Number of main runs: (Plasmalab) 3 
 
Standards included in ablation experiment: Glasses C, D, E and CAMAS Apatite 
Standards (Blank, Low, Medium, High) 







I selected the elements for analysis through a series of steps. The first 
elements to be eliminated were Ca, P, C, and H. The high counts of these 
elements made them useless for analysis. According to Driessens and Verbeeck 
(1990) certain elements show up in high enough quantity over 100’s of ppm in 
bison teeth, due to the elements passing through the intestinal walls in high 
enough quantity to pile up in the amelogenesis process and mineralize in enamel.  
The elements Na, and Mg have relatively high concentrations (1000s of ppm), 
followed by Al, Si, S, K, Fe, Zn, Sr, and Ba (10’s to 100s of ppm), and B, Cu, Br, 
Rb, Mo, Sn and Pb (>1 ppm; Curzon and Cutress 1983: Kohn et al. 2013).  
Other elements were eliminated because they are not retained in the tooth 
formation process or are too abundant in the environment to be useful. Also 
limitation of the LA-ICP-MS and the calibration process further limited the 
elements to be included in analysis. Statistical analysis finally was used on a 
larger suite of elements to determine which elements held the most weight in 
determining the clusters defined by JMP in the discriminant analysis. These 
elements (Figure 5.1) were selected to determine the regional location of bison. 






























































Figure 5.1. The elements selected for analysis are outlined in red. 
Southern Plains 
 On the southern Plains modern samples were previously collected by 
Graves (2010). I collected further archaeological samples to compare to the 
modern samples previously run. Archaeological samples were collected from all 
three kill sites and run for trace elements (Appendix A).  
Northern Plains 
For the northern Plains sites where the geographical distribution of 
elements is unknown, I began the task of obtaining the local site distribution of 
trace elements by LA-ICP-MS analysis of teeth from resident bison ranging on 
local grasslands. I obtained four samples from modern herds on the Northern 
Plains. These proxy materials can be obtained from animals living in the area 
today. Since the ungulate sample employs a down-tooth sampling strategy that 
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tracks the movement of the animal across distinct trace element landscapes 
(source areas) it should be possible to identify which season or seasons of the 
year the animal entered the region. 
The samples size of four samples from the northern Plains was relatively 
small in comparison to the southern Plains samples. Part of this analysis was to 
determine the sample size necessary to determine migration ranges using trace 







Chapter 6:  
Analysis: Dates, Stable Isotopes, and Trace Elements 
 
This chapter applies the methods described in Chapter 5 to the various 
site materials for the three southern and three northern Plains sites with a focus 
on stable isotopes and trace elements. Extensive work has been published on the 
southern Plains and the northern Plains sites. Badger Hole is the newest site on 
the southern Plains excavated in 2011 and 2012. All six sites were the focus of 
the stable isotope analysis and trace element analysis, which is extensively 
described below. The southern Plains sites include the Beaver River kill complex 
of northwestern Oklahoma which contains three arroyo trap kill sites; Cooper 
(34HP45; Bement 1999), Jake Buff (34HP60; Bement and Carter 2010), and 
Badger Hole (34HP194; Bement et al. 2012). The northern Plains sites are Mill 
Iron, Montana (24CT30; Frison 1996), Agate Basin, Wyoming (48NA201; 
Frison and Stanford 1982; Hill 2008), and Carter/Kerr-McGee, Wyoming 
(48CA12; Frison 1984). 
Southern Plains 
 The following section summarizes the analysis of the southern Plains 
materials including AMS dating, stable isotopes, and trace element analysis. This 
data will be further compared and discussed in Chapter 7.  
AMS Dates 
 Though well dated at the time of excavation XAD purified collagen 
methods now available for bone sample purification were run using AMS 
techniques to improve the chronology of the sites. AMS dates on XAD purified 
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collagen were already available for Jake Bluff (Bement and Carter 2010). 
However, additional samples were analyzed for and the three kill levels at 
Cooper and for Badger Hole to further tighten the age ranges at these sites.  
The new dates from the XAD purified collagen techniques are outlined in 
Table 6.1 and discussed below. The averages of these dates are presented here. 
The use of the arroyo bison trap technique along the Beaver River began by 
10,821 ± 17 
14
C BP (mean of 4 dates; Bement and Carter 2010) at Jake Bluff. 
Cooper kills date to 10,589 ± 16 
14
C BP at the lower kill, 10,563 ± 19 
14
C BP at 
the middle kill, and 10,532 ± 19 
14
C BP at the upper kill level (Johnson and 
Bement 2009).  Badger Hole extends the arroyo bison trap-hunting complex 
along the Beaver River to at least 10,347 ± 16 
14
C BP.  
The new radiocarbon dates for the three Cooper kills refine, yet uphold 
the stratigraphic ordering of the lower, middle, and upper kill episodes. The 
original dates (Johnson and Bement 2009) suggested a maximum span of 100 
radiocarbon years (or 200 cal years BP) in which all three kills occurred. The 
inclusion of additional dates refines this time frame to the span of 57 radiocarbon 
years. The new dates indicate that all three kills could have occurred in the 













Table 6.1. New radiocarbon dates for southern Plains sites. Dates included from 




 The stable isotope analysis provides the basis to understand the 
environment during the time of each kill event as well as providing some 
information concerning the mobility of the bison herds targeted for the hunt. 
Overall this collection of sites provides a means to compare changes in bison 
herd diet through time on the northern and southern Plains. This section will 
Site 14C	Age	BP* 1	Sig. Lab	Number Reference




Mean** 10821 17 X2=6.87;	df=3,	Tcrit=7.81
Cal	BP	2	sig.	(Prob) 12,590-12,833	(1)
Cooper




Mean 10589 16 X2=3.28;	df=3,	Tcrit=7.81
Cal	BP	2	sig.	(Prob) 12,444-12,461	(0.02)
12,536-12,640	(0.98)
			Middle 10530 45 CAMS-82407 Johnson	and	Bement	2009
10565 30 PSU-6075/UCIAMS-140847
10575 30 PSU-6076/UCIAMS-140848
Mean 10563 19 x2=0.70;	df=2,	Tcrit=5.99
Cal	BP	2	sig.	(Prob) 12,428-12,490	(0.29)
12,522-12,616	(0.71)
			Upper 10505 45 CAMS-94849 Johnson	and	Bement	2009
10550 30 PSU-6073/UCIAMS-140845
10525 30 PSU-6074/UCIAMS-140846
Mean 10532 19 X2=0.77;	df=2,	Tcrit=5.99
Cal	BP	2	sig.	(Prob) 12,422-12,507	(0.56)
12,511-12,583	(0.34)
Badger	Hole 10300 25 UCIAMS-98369 Bement	et	al.	2012
10395 35 PSU-5144/UCIAMS-111184
10370 25 PSU-5457/UCIAMS-122579







discuss the southern Plains data and results. A comparison and evaluation of the 
data will be presented in Chapter 7. Table 6.2 provides the stable carbon results 
from the southern Plains.  
I briefly outline the methods discussed in Chapter 5 here to enable clearer 
interpretation of the presented data. To obtain reliable stable isotope data the 
atomic carbon and nitrogen ratio of the samples were compared to modern C:N 
ratios to determine if the collagen had undergone diagenesis. This is a commonly 
used method of determining the extent to which diagenetic processes may have 
altered archaeological materials (DeNiro 1985; van Klinken 1999). The C:N ratio 
must result in a range between 2.9 and 3.6 (Julien et al. 2012; Tieszen et al. 




N also provide two slightly 
different measures to determine environment and vegetation. 
13
C provides a 
proxy for temperature while 
 15
N provides a means to reconstruct moisture 
(Tieszen et al. 1998).  For paleoenvironmental reconstruction C4 indicates a hot, 
dry short or tall grass prairie environment while C3 indicates a cool, wet taller-
grass prairie. The mean 
 13
C value for C3 plants will be in the range of -26 parts 
per mil to -28 parts per mil, while C4 plants will usually group in -12 parts per 
mil to -14 parts per mil (Tieszen et al. 1998).  
Southern Plains Stable Isotopes 
The five kill episodes at the Beaver River Complex define one of the 
highest density Folsom site concentrations on the southern Plains. These sites 
provide the focus of my southern Plains research because of the long duration of 
hunting at the sites and the Clovis site Jake Bluff, which may mark the transition 
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from Clovis to Folsom and the beginning of communal hunting of bison herds on 
the southern Plains.  
 
Table 6.2. Stable isotope results from southern Plains sites.  
 
 
Site	Name δ13C δ15N Average SD CV
Jake	Bluff -8.1 11.1
Jake -8.17 11.02
13C -8.135 0.049497 0.608451





13C -10.1273 1.02577 10.12877





13C -10.4678 0.972541 9.290789






13C -11.7224 2.62402 22.38468








13C -14.3904 2.55208 17.73454
15N 6.56209 1.580049 24.07844
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The stable isotope results (Figure 6.1) indicate a changing pattern from 
the Clovis kill at Jake Bluff, the three Folsom kills at Cooper, and the later 
Folsom kill at Badger Hole. These results indicate a shift from hot dry C4 
grasslands to a progressively cool and wet C3.  Due to the poor preservation of 
the majority of the bone remains from Jake Bluff only two samples provide 
sufficient preservation for analysis. Though five stable isotope samples are ideal 
for interpreting diet the tight error range of the two samples analyzed provide 
good evidence for environmental reconstruction. The Jake Bluff samples also fall 
outside the range of the later Cooper samples indicating environmental change 
through time. The three kill levels at Cooper are separated by approximately 50 
radiocarbon years, explaining the close proximity of the stable isotope results. 
Lastly, the Badger Hole results, which are more dispersed, do not overlap the 
results from Cooper and Jake Bluff.  
In order to clarify the change from C3 to C4 grasses the equation that 
converts 
13
C to % C4 discussed in Chapter 4 set out by Chisolm et al. (1986) and 
others (Leyden and Oetelaar 2001; Lovvorn et al. 2001) was used to create 
Figure 5.2 demonstrating the percent C4 and C3 in the grasslands grazed by the 
animals under study. The overall trend depicted here indicates a shift over time 
from hot and dry C4 grasses at Jake Bluff to increasingly wetter and cooler C3  
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Figure 6.1. Stable isotope results from the southern Plains sites indicating a 
change in bison diet variety through time. Jake Bluff being the oldest site, then 





Figure 6.2. This graph depicts the percentage of C3 and C4 grasses and how that 
change from the youngest site, Badger Hole to the Oldest site Jake Bluff. A 
change from hot and dry climate to a cooler wetter climate is indicated.  
 






%C3                                            %C4 
Cool and Wet                             Hot and Dry 
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conditions seen in the Badger Hole results, with the three Cooper kills in 
intermediate positions.  
The coefficient of variance can be used to demonstrate both the changes 
in climate through time but also an increase in diet variety among the animals 
analyzed (Figure 6.3). The smaller circles indicate a low range of variation, or in 
this case minimal migration while the larger circles indicate a wider range of 
variation, or a larger migration range. Based on the work of Chisolm et al. 
(1986), a resident herd is indicated when all animals consume the same grasses. 
Greater herd mobility or migration is indicated as grassland composition 
increases to include greater varieties of C3 and C4 grasses as bison move into 
different environmental settings. When comparing the southern Plains carbon 
isotope variance in relation to time a shift is apparent from resident 
(predominantly only C4 grasses) at Jake Bluff to more wide ranging migratory 
herds at the three kills at Cooper where both C3 and C4 grasslands are grazed 
and at Badger Hole where increasing amounts of C3 grasses are grazed. This 
change in diet demonstrates that these animals go from a restricted, resident diet 
at Jake Bluff with minimal variation to more variation indicating increased 
migration of the animals during the time of Badger Hole.  





N ratios (Figure 6.3). In particular, the limited distribution of Jake 
Bluff data points is accompanied by the lowest CV values of any kill sites in the 
analysis. This pattern suggests the Jake Bluff bison are indeed residential with 
low mobility.  The Cooper data represented in Figure 6.3 indicates a decrease in 
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mobility in the middle kill period, with similar ranges of mobility in the upper 
and lower kills. The Badger Hole animals display far and above the highest level 




Figure 6.3. The coefficient of variance or CV indicates an increase in bison range 
area through time with a decrease occurring during the middle kill at Cooper.  
 
 
An implication of this pattern for bison behavior is seen in the instance 
where animals under pressure will often pack together and minimize their range 
area to stay close to predictable necessary resources such as water and nutritious 
grasslands (Gadbury et al. 2000; Haynes 2002; Niven et al. 2004). The bison at 
Jake Bluff are clearly a species under stress, the isotopes indicate that the animals 
were grazing in a hot dry environment relative to the other late Folsom Kills 
analyzed. The skeletal remains also indicate animals under duress (Bement and 






















kills in the same arroyo trap complex the bison at Jake Bluff are gracile and thin. 
(Figure 6.4). Jake Bluff, currently the earliest communal bison kill site on the 
Plains, marks a period of extreme environmental duress near the beginning of the 
Younger Dryas at 10,800 
14
C BP as is indicated by the gracile bones of the bison 
and the high value of 
 15
N and C4 grasses indicated from the isotope analysis.  
 
Figure 6.4. Comparison between A. Jake Bluff and B. Cooper metacarpals. 
Trace Element Analysis 
  
When I set out to conduct this portion of analysis I did so knowing that 
trace element analysis to determine bison migrations is a developmental 
technique. Debate circled many aspects of the technique and my intention was to 
clarify a methodology while increasing the sample size and adding new data to 
previous analysis. Progress was made in the development of this technique and 
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the premise by which it works does hold. However, some critical problems arose 
that required initial investigations to be abandoned.  Below I outline the steps and 
stages used to determine the migration of animals on the southern Plains as well 
as indicate problem areas within the research and lay out a moving forward 
section in which future researchers can take this method and further develop it.  
The initial purpose of running the trace element analysis for this study 
was to compare the modern data set on the southern Plains previously compiled 
by Adam Graves (2010) to a larger prehistoric set of teeth. Graves (2010) had 
created a substantial modern database and originally tested a single bison tooth 
from multiple prehistoric samples in order to determine migration. The result of 
his analysis was a map of residential animals that prehistoric samples could be 
compared to in order to determine movement of prehistoric animals. But larger 
samples of archaeological teeth were necessary to begin to understand the full 
extent of animal migration among various animals in Paleoindian prey herds. The 
southern Plains sites contain large numbers of skulls and the teeth are well 
preserved, additionally the curation facilities were willing to have samples taken 
for this analysis. With numerous teeth to samples, the main purpose of the trace 
element analysis was to determine how many archaeological teeth were 
necessary to account for differing ranges between animals in a herd. The second 
step in this analysis was to begin to create a modern sample data set on the 
northern Plains where bison teeth are not well represented in the Folsom level of 
the sites analyzed. The goal of this research was to determine if any useful data 
could be gained from smaller samples more typical of early Paleoindian kill sites.  
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 A problem led to setbacks for the purposes of the original research I had 
intended.  Variation between machines and calibration techniques led to 
difficulties in comparing data sets, in this case the data set of Adam Graves 
(2010), and the data gained from the current analysis were not comparable. Data 
previously collected by Graves (2010) was not comparable to data collected 
nearly a decade later with a different machine in a different lab. Regrettably 
further work is necessary to solve this problem that is not the case by the time of 
this writing. For the purposes of future research the only solution to this problem 
to date is to run all samples together using the same machine and the same lab. 
This is not ideal when creating a modern database, which one would hope to add 
to over time.  
Below I will walk through the discriminate analysis used on both data 
sets together and separately to indicate the split in samples from various labs. 
Samples run from the same lab are comparable and will be discussed at the end 
of the chapter. The outcome of this research does corroborate Graves’ findings 
that modern samples can be used to create suits of elements comparable to 
prehistoric samples in order to reconstruct movement and demonstrates that the 
use of a different statistical technique provides the same results. Graves (2010) 
employed principle component analysis while I applied discriminate analysis. 





Problems of Comparison 
In order to determine which prehistoric samples matched with the modern 
samples collected by myself and Graves (2012) I used discriminant analysis.  
Discriminant analysis determines a categorical dependent variable and works 
under the same principles as principle component analysis. Since the modern 
bison teeth provide a known category for what a certain elements in a region 
should look like discriminant analysis predicts with varying levels of certainty 
the region in which prehistoric teeth should fall. However, the level of certainty 
is also represented and a mis-assigned tooth will have a lower certainty 
percentage level than that of a tooth that is a better match to the region. Problems 
of diagenetic properties also come into play, which are not fully understood at 
the time of this analysis but appear to be corrected for by using the large suite of 
elements which do predict the animals’ range.  
The initial purpose of the trace elements analysis was to take a suite of 
new archaeological data in which to compare to previously sampled modern data 
(Graves 2010). After running the initial discriminate analysis on the log 
transformed data the conical graph representing the suite of modern data showed 
interesting results that did not make sense (Figure 6.5).  
What is represented in this graph is the entire data set of northern and 
southern Plains data, both the analysis I ran at the lab in Pocatello, Idaho and the 
analysis Graves (2010) ran in his dissertation analysis. The data should cluster by 
region with northern and southern Plains samples splitting apart the farthest. 
However, the most obvious break in samples is between Graves (2010) data on 
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the left and my data on the right. This split is indication of a calibration error, or 
errors created by using two different machines. The data is not currently 
comparable. The stars label the modern samples while the dots label the 
archaeological samples. At the time of this writing the calibration issue has yet to 
be resolved.  
This poses clear problems if researchers using different labs, machines, 
and techniques cannot reach similar calibrations to make data comparable. I do 
not think this is a critical problem long term but for the purpose of this analysis it 
requires a different sort of comparison than what was initially planned. Since the 
complete data set is not currently comparable I split the data sets into Dr. Graves 
original set (2010) with the addition of later Badger Hole trace element data that 
was gained from the same lab. I ran this analysis separately to determine the 
extent of migration at Badger Hole a previously unanalyzed dataset excavated 









































































































When removing my data from Graves (2010) data the conical graph 
demonstrates real clusters of regions across the southern Plains (Figure 6.6). The 
colored circles are indicative of a modern sample area. The dots are 
archaeological samples that fall into the modern samples area. The star plot in the 
center of the graph simply demonstrated which elements are pulling the 
categories set by the discriminant analysis.  This analysis provides a 5% 
misclassification rate, when looking over the data the majority of the error 
occurred in one modern tooth sample which indicates that this tooth likely came 
from an individual which was moved and did not grow up and stay on the ranch 
during the entire period of tooth formation. Once this sample was removed 
(Figure 6.7). The percent of misclassified teeth dropped to 3%, an acceptable 
error range.  
At this point in the analysis I had to abandon the idea of adding additional 
samples to an already complete modern data set on the southern Plains. The data 
is not comparable, for future research Graves (2010) modern samples will have 
to be run again through the new machine at the new lab in order be used with the 
new archaeological samples.  
So what can be done with the samples run for trace elements at this point? 
While excavating Badger Hole in 2012 I came across a bison tooth sample, 
which I sent to the same lab that had run Grave’s samples in 2010. Those data are 
comparable to the modern data set created by Graves and the results are 




Figure 6.6 Graves (2010) data canonical plot prior to the removal of problematic 
tooth that likely resulted from an animal transferred from one ranch to another 








After correcting the above data set by removing the problematic modern 
sample. I highlighted the sources assigned to the archaeological materials by the 
discriminate function then created a mean line for the regional area in which to 
map the canonical or principle component of the range of the archaeological 
animal at Badger Hole. The results for the Badger Hole data are below (Figure 
6.8).  
What this graph shows is a highly magnified picture of movement for this 
particular animal. The entire tooth represent a full year of growth with each 
sample showing two weeks of movement as opposed to the two months collected 
in previous analysis (Graves 2010).  A straight line would indicate limited 
mobility while a high degree of variation in the line indicates substantial 
mobility. Interpretations of this graph indicate that the animal ranged widely 
including regions not yet mapped by the modern tooth dataset. There are a few 
ways to interpret this graph. One, which is supported by Graves (2010) 
dissertation, in that the pattern of increased migration occurs through time and 
this was a highly mobile animal. Additionally this tooth was analyzed at a higher 
sample level than any other sample run by Graves or myself. Which may indicate 
problems with specific samples such as 17 (Figure 6.8), which may show 
movement that did not occur, or and more likely, may indicate a closer sampling 
strategy is necessary to actually capture the wider range of motion of prehistoric 
animals particularly when animals are wide ranging as in the case with Badger 
Hole.  
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 When compared with Grave’s (2010) data from the Jake Bluff site 
(Figure 6.9) two things are apparent, the animal analyzed from the Clovis kill 
was far less mobile, a pattern confirmed by the stable isotope analysis which 
indicates that other animals in the herd also demonstrated less variation 
indicating a resident herd. This tooth also has a wider spacing of samples every 
5mm thought to best catch the movement of an animal at predictable two-month 
intervals. Given the data at hand, both isotopic and elemental, this sample 















Figure 6.9. This image indicates the movement of Jake Bluff animals, which 
appear to have ranged very little when compared to the Badger Hole results. 
Each sample represents two months of the animal’s life. 
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Northern Plains Sites 
AMS dating enables tighter error ranges of materials to better clarify the 
temporal context of the sites under analysis. A charcoal sample from the Folsom 
hearth of Carter/Kerr-McGee produced a date of 10,400 ± 600 
14
C BP. Agate 
Basin’s Folsom component was dated from a small amount of charcoal 
producing the original date of 10,430 ± 570 
14
C BP (Frison and Stanford 1982).  
Mill Iron is a Goshen site with charcoal dates ranging from 11,360 to 10,760 
14
C 
BP (Table 6.3; Frison 1996). 
I obtained new dates for the northern Plains (Table 6.4) put the Folsom 
level of CKM as the oldest site at 10,560 ± 18 
14
C BP. Mill Iron dates discussed 
extensively by Waters and Stanford (2014) change our understanding of Goshen 
dates to more clearly overlap Folsom dates dismissing the validity of an older 
Goshen culture. Mill Iron materials dated by Waters and Stafford included in 
Table 6.4 complement the dates I ran for this analysis, the mean of both Waters 
and Stafford’s (2014) and my assays provide a mean of 10.452 ± 11 
14
C BP. 
Agate Basin materials from the Folsom level are 10,283 ± 18 
14
C BP. These new 
dates provide a clear chronology for studying the change in stable isotopes 







Table 6.3. Original radiocarbon ages for the northern Plains sites in this study. 
Site Name 
14
C BP +/- Lab Number Material Publication 
Agate Basin 9750 130 SI-4431 charcoal  
Agate Basin 10200 2000 RL-738 charcoal  
Agate Basin 10430 570 RL-557 charcoal Frison & Stanford 1982 
Agate Basin 10445 110 SI-4430 charcoal Frison & Stanford 1982 
Agate Basin 10575 90 SI-3730 charcoal  
Agate Basin 11450 110 SI-3734 charcoal Frison & Stanford 1982 
Agate Basin 11700 95 SI-3731 charcoal Frison & Stanford 1982 
Agate Basin 11840 130 I-10899 charcoal Frison & Stanford 1982 
Agate Basin 10780 120 SI-3733 charcoal Frison & Stanford 1982 
Agate Basin 10665 85 SI-3732 charcoal Frison & Stanford 1982 
CKM 10400 600 RL-917 charcoal Frison 1984 
Mill Iron 7480 240 RL-1530A bone  CARD database 
Mill Iron 9670 720 RL-1530 bone  CARD database 
Mill Iron 10760 130 Beta-20110 charcoal CARD database 
Mill Iron 10770 85 AA-3669 charcoal CARD database 
Mill Iron 10990 170 NZA-623 charcoal CARD database 
Mill Iron 11010 140 Beta-16178 charcoal CARD database 
Mill Iron 11320 130 Beta-16179 charcoal CARD database 
Mill Iron 11340 120 Beta-13026 charcoal CARD database 
Mill Iron 11360 130 Beta-20111 charcoal CARD database 
Mill Iron 11560 920 NZA-624 charcoal CARD database 







Table 6.4. New radiocarbon dates completed as part of this analysis. Dates 




Northern Plains Stable Isotopes 
The stable isotopes at the northern Plains sites (Table 6.5) are not as 
clearly separated or easily interpreted (Figure 6.10) as the southern Plains sites. 
The oldest remains analyzed come from CKM at 10,560 ± 18 
14
C BP. Mill Iron, 
a Goshen kill site, produced a mean age of 10,452 ± 18 
14
C BP. The most recent 
Folsom kill event occurred at Agate Basin at 10,283 ± 18 
14
C BP. The isotopes 
indicate a relatively stable environment of cool/moist adapted prairie through all 
three kill events. When the 
13
C is converted to %C4 the graph (Figure 6.11) 
further indicates a relatively stable environment.  
There appears to be a trend from a wider ranging migratory herd at 
Carter/ Kerr-McGee to less mobile herds at Mill Iron and Agate Basin. But 
Site 14C	Age	BP* 1	Sig. Lab	Number Reference
Carter/Kerr-McGee 10600 25 UCIAMS-122572
10520 25 UCIAMS-122573
Mean 10560 18 X2=3.84;	df=1,	Tcrit=5.12
Cal	BP	2	sig.	(Prob) 12,428-12,491	(0.31)
12,522-12,613	(0.69)
Mill	Iron 10450 25 UCIAMS-61659 Waters	and	Stafford	2014
10465 20 UCIAMS-98370 Waters	and	Stafford	2014
10435 25 UCIAMS-98371 Waters	and	Stafford	2014
10440 25 UCIAMS-122577
10465 25 UCIAMS-122578





Agate	Basin 10430 25 UCIAMS-122570
10135 25 UCIAMS-122571





overall the environment appears to support C3 rich grasses throughout this 400 
year time period.  
 
Table 6.5. Full results for the isotopes from the northern Plains sites.  
 
 







13C -18.2728 0.774768 4.240015




13C -16.7633 3.193104 19.0482





13C -18.4512 1.021558 5.536545




Figure 6.10. Stable isotopes results for northern Plains sites show a more 




Figure 6.11. This graph represents the %C4 and % C3 in the diets of the animals 
studied. The data come from the mean results of the 
13
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The northern Plains bison kills CV results suggest the opposite pattern of 
mobility level through time compared to that seen on the southern Plains (Figure 
6.12). The oldest bison kill is at CKM and has a 
 13
C CV value that is the 
highest level for the three kill sites, suggesting the animals at 10,540 
14
C BP 
were mobile. By 10,452 
14
C BP, the bison mobility level reduced to that seen at 
the temporally roughly contemporaneous middle kill at the Cooper site. The 
lowest CV and hence lowest mobility level is expressed at the Agate Basin site 
(10,283 
14
C BP) which is when bison on the southern Plains were the most 
mobile.  Unlike the situation on the southern Plains where 
15
N CV values 
varied in step with 
13
C values, on the northern Plains there is very little 
variation in 
 15
N values between the three time periods. These values, however, 
are intermediate between those at Cooper and Badger Hole, suggesting the 
grassland structure on the northern Plains maintained a constant level of high 
nitrogen variability. Such high levels of variability in nitrogen may be the result 
of sustained drought conditions or possibly the common occurrence of fire on 
the southern Plains. Both drought and fire use are known to produce 
heterogeneous nitrogen patterns (Johnson et al. 2011; Murphy and Bowman 




Figure 6.12. The Coefficient of variance (CV) indicates a greater range area 
followed by lesser ranging herds at Mill Iron and Agate Basin. 
 
Trace Element Analysis 
As mentioned above the northern Plains preservation did not allow for a 
full sampling of bison teeth for trace element analysis, though future research 
will aid in adding to the sampling size of the analysis. Four modern teeth and two 
prehistoric teeth were analyzed. One modern tooth matched the region for the 
prehistoric teeth while the other seems to indicate an area outside of the 
prehistoric bison range. A further collection of modern samples needs to be 
collected from modern ranch animals living on contained ranches on the northern 
Plains to create the equivalent modern sample Graves (2010) created in his 
dissertation for the southern Plains in order to be able to accurately map 
movement across the northern Range. These teeth will allow for a modern analog 




















need to be analyzed in future research. The next stage in mapping migration of 
prehistoric animals should focus on more recent kill activity on the northern 
Plains in order to avoid the background noise that comes from diagenetic 
processes. Once more modern baselines are obtained and sufficient prehistoric 
animals are tested then older samples will provide more accurate results through 
time.  
On the northern Plains the samples of three modern bison were run along 
with two prehistoric bison teeth one from Agate Basin, and the other from Mill 
Iron (Figures 6.13; 6.14). The small sample size does not allow for very accurate 
results however they are presented here for the general discussion of bison 
movement. The discussion of bison mobility on the northern Plains must still rely 
heavily on isotopic analysis. The following section focuses more on adding a 
component to the overall method of trace element analysis than on the data that 
can be gained from the analysis itself. The same discriminate function was run 
with the smaller suite of data collected only for the northern Plains sites. The 
results seen below indicate that a larger sample of modern animals is necessary to 
determine the range of these particular animals. Both teeth appear to match the  
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Figure 6.13. Conical plots of northern Plains data. Agate Basin sample 
highlighted in green.  
 
 
Figure 6.14. Mill Iron samples indicate a further migratory range of animals.  
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modern sample B0224 with 100% certainty (Figures 6.13 and 6.14). 24CT30, 
Mill Iron appears to have a wider migration range than the Agate Basin bison. 
However with so little to create the discriminate analysis this cannot be stated for 
certain and the stable isotope analysis would indicate that the animals are from a 
herd that migrates roughly the same distance.  
Summary and Conclusion 
 In conclusion re-dating of materials was necessary to clear up the 
disparity created by antiquated dating techniques. Though the dates were sound 
for the time of excavation new techniques aid in focusing the dates of these early 
archaeological sites. Initially I had hoped to compare two early Paleoindian kill 
sites on the northern and southern plains but the new dates shifted the time period 
of focus to a more stable time period on the northern Plains as evident in stable 
isotope results. Stable isotopes were run to gain a clearer understanding of both 
environmental change at the sites as well as the degree to which animals 
migrated. The trace element technique, still relatively new to the study of bison 
migration, provided a means to begin mapping animals to specific regions on the 
landscape in determining migration routes. Further refinement of this technique 







Chapter 7: Discussion and Conclusion 
The following chapter outlines the conclusions of this research. The 
questions I set out to address at the beginning of this project were: Is there a link 
between environmental change, bison mobility behavior, and large-scale 
hunting? What were the mobility patterns of bison hunted in large kills during the 
Folsom and Goshen periods? I begin by summarizing the setting in which 
communal kills develop, then I describe the prehistoric development and 
extended use of the Beaver River Complex on the southern Plains. This data set 
is the most complete and provides a clear example of communal hunting 
development on the southern Plains. I then review the northern Plains data, 
which provides a picture of bison hunting in a stable and settled environmental 
setting in the early Paleoindian period. This data demonstrates that communal 
bison hunting developed quickly and was maintained as a successful hunting 
adaptation throughout the Younger Dryas when the environment settled into a 
moist cool landscape. After providing a comparison of results from the northern 
and southern Plains I propose a model created from southern plains data to better 
understand the extent of bison migration and movement.  
Trace element analysis though a viable means to determine migration 
distance and patterns is still in the developmental stages. To compensate for the 
limitations of trace elements I demonstrate a model developed from the southern 
Plains to determine the range of migration of bison utilizing stable isotopic 
variance (CV) when trace element analysis is not yet fully developed or cost 
efficient. Prey range size is significant in communal bison hunting to understand 
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if hunters are targeting groups of migratory or residential animals, which speaks 
to the necessity to plan interception of migratory herds or take advantage of 
residential animals. Large migration routes of bison killed in arroyo traps in the 
Paleoindian period provide a predictable resource that aggregations can be 
planned to intercept. Group aggregation predetermined by predictable migratory 
routes enables hunters to engage in a social and subsistence activity. Bison trap 
systems based on bison behavior were so successful they were employed for over 
10,000 years (Brink 2008; Frison 1994), by multiple cultures across North 
America. This research focuses on the developmental period of this adaptation 
during the Younger Dryas.  
At the outset of this project I ascertained that re-dating previously 
excavated materials was necessary for a clear temporal picture of the sites under 
analysis (Figure 7.1). Though the excavations and analysis were carefully 
conducted at every site included in this project the dating methods at the time of 
analysis have been replaced with more accurate dating techniques. A clear 
temporal understanding of the sites was necessary to determine the initial 
development and continued use of kill sites across both the northern and southern 
Plains. Figure 7.2 places the sites on a timeline allowing a quick representation of 




Figure 7.1. This timeline demonstrates the original dates in radiocarbon years for 




Figure 7.2. Radiocarbon year approximate range demonstrating the reordering of 
chronology of the sites included in this analysis.  
 
The Setting for Communal Kill Development 
At the end of the Clovis Period (~10,850 
14
C BP; Waters and Stafford 
2007) mammoth were becoming scarce on the landscape as the megafauna of the 
period died out (Grayson 2007; Meltzer 2009). Bison were not immune to this 
event and narrowly escaped extinction themselves, as is evident from DNA data 
(O’Shea 2012). A bison population crash indicated in the DNA of Beringia bison 
(Drummond et al. 2005) and represented on the southern Plains by a single-allele 
founder affect mutation at ~11,300 
14
C BP suggests bison were scarce at the time 
of Clovis development. The scarcity of bison during the late Pleistocene is 
further supported by the paucity of bison remains in paleontological sites for that 
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period (Wyckoff and Dalquest 1997). Archaeological discoveries to date indicate 
that Clovis people did not target large numbers of bison on the Plains until after 
mammoth extirpation and bison population levels rebounded (Frison 1994; 
Kornfeld et al. 2010; Meltzer 2009). Communal bison hunting develops at the 
beginning of the Younger Dryas (Figure 7.3).   
 
 
Figure 7.3. The stable isotope means from all sites mapped to time period to 
demonstrate the Younger Dryas and its relationship to early bison hunting.  
 
Bison hunting in communal events is a difficult task. Bison are agile, 
aggressive, large, and respond quickly to threat. Bison were likely hunted 
individually by any group of hunters that could make use of the animal, if they 
were cunning enough to kill it. The ability to run a herd of bison into a trap to kill 
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a large number (>10) of individuals is a remarkably successful means of attaining 
resources in a single event. In order to successfully manipulate a herd of bison 
the group had to be familiar with bison behavior. Bison herd mentality makes 
them particularly susceptible to arroyo trap hunting techniques. Where other 
animals such as deer scatter to avoid a predator, bison move together and flee in 
a group, an effective strategy when evading a wolf or other wild predator, but not 
when trying to evade humans.  
This herd response to threat is ideal for humans to manipulate herds into 
arroyo traps where they were then killed. But certain factors must be present 
before this kill technique could develop. These factors are a thorough 
understanding of bison behavior, a sufficiently large number of people to warrant 
the communal kill of multiple animals, and a trap system in which bison can be 
driven. Additional requirements includes the availability of resources necessary 
to support large groups of hunters occupied with the organization, 
implementation, and subsequent butchering that surrounds a hunt of this 
magnitude.  
Southern Plains 
 The southern Plains provided a unique opportunity to study an area in 
which Paleoindian hunters used the same 700 m stretch of river for a total of at 
least 500 years in five kill events: Jake Bluff, the oldest site and the earliest bison 
kill site yet analyzed in North America, Cooper, which contained three separate 
kill events of Folsom age, and Badger Hole, which was the most recent bison kill 
at the complex. All of the events contained within the Beaver River Complex 
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sites transpired during the late summer/early fall. This season of the year 
provides an ideal time to kill bison as the rut is over, the males disperse, and the 
females pack together. This suite of sites provides an opportunity to look at the 
development and continued use of a large-scale kill adaptation through time. 
Jake Bluff contains the earliest bison kill on record at 10,821 ± 17 
14
C BP 
(Bement and Carter 2010). This site represents the earliest time period on the 
southern Plains in which bison are present on the landscape in the required 
numbers to which they can be manipulated and killed in the arroyo trap method. 
The people must have a resource requirement to warrant a communal hunt. A 
single Bison bison antiquus could weigh over 2,000 pounds (900 kilograms) and 
stand over 2 m tall. A single animal provided a substantial amount of resources. I 
argue that to warrant the killing of 10 or more animals a large group has to be 
present to make use of the kill. This comes from the observation that the 22 
animals killed at Jake Bluff were completely disarticulated; which only occurs 
when the majority of the meat is being used.  
Jake Bluff contains the remains of 22 Bison bison antiquus. The bison at 
Jake Bluff are gracile and the isotopes indicate they are grazing in a xeric, high 
C4 grassland. The animals were barely surviving the mass extinction event that 
killed over 36 species by the Younger Dryas (Grayson 2007; Martin and Klien 
1989; Meltzer 2009) and they are living on an extremely arid landscape with 
grasses with high 
15
N values. In summary these animals were under duress. In 
addition to the physical state of the animals, though the sample size is small, both 
stable isotope and trace element analyses indicate that these animals are living in 
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a restricted area. They are not migrating far if at all. Large animal populations 
under stress pack together near water resources and do not risk moving to find 
additional resources (G. Haynes 2002). This behavior is evident in the animals 
killed at Jake Bluff.  
The hunters at Jake Bluff develop this large-scale kill technique because 
resident bison grazed near the arroyos for an extended period of time, providing 
hunters with the necessary components to develop this communal kill technique. 
People on the Plains hunted mammoth and bison before the environment changed 
dramatically and bison numbers increased across the landscape. Bison behavior 
would be a known element to Paleoindian hunters long before bison numbers 
increased during the Younger Dryas.  
While inhabitants roamed the area and made use of individual bison their 
close proximity would allow the hunters to gain an understanding of the herd 
behavior of the species and develop the strategy necessary to run bison into the 
nearby land features. The animals were run into arroyos and killed then 
butchered fairly completely at this Clovis kill. As a rough estimate a single 
modern bison weighing 1000 pounds (453 kilograms) provides roughly 400 
pounds (180 kilograms) of meat. Using this rather low estimate of resources 22 
bison would provide 8,000 pounds (3600 kilograms) of meat, not including the 
sinew, bones for tools, and other resources gained from the animals. This kill 
technique once developed and carried out successfully provided a wealth of 
resources to the hunters and family groups.   
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The fact that only five kill events are present (one at Jake Bluff, three at 
Cooper, and one at Badger Hole) in a 500 year-period along the Beaver River 
indicates that these kills were not yearly events. Additional bison kill 
preservation across the Plains leads to the similar conclusions (Frison 2006; 
Kornfeld et al. 2010; Reher and Frison 1980). These early kills may only have 
been carried out once in a generation, or once every couple of generations when 
the herds were large, people could aggregate, and resources were plentiful to 
support large groups usually dispersed on the landscape.  
Roughly 250 years after the successful arroyo kill at Jake Bluff additional 
kill events occur 400 m to the east at Cooper. The lowest, middle, and upper kills 
date to 10,589 ± 16 
14
C BP, 10,563 ± 19 
14
C BP, and 10,532 ± 19 
14
C BP, 
respectively. All three events occurred in less than 60 years. Arroyo traps used 
more than once throughout prehistory are not uncommon. Other Paleoindian 
examples include Agate Basin (Frison 1982) and Carter/Kerr-McGee (Frison 
1984). What is unique concerning the sites analyzed is that these three kill events 
occur very close together in time, potentially within one person’s lifetime and 
certainly within a couple of generations. The reuse of this site is significant. Why 
carry out such a large-scale kill so close together? Also a significant switch at 
this time is that the animals are no longer resident herds.  They are migratory, as 
was indicated by the coefficient of variance of stable isotopes. So the hunters 
would have to time their use of the area with the migration of the herds to take 
advantage of the moving resource. This also must occur at the proper season to 
 155 
be able to carry out large-scale kills, in this case late summer/early fall. The same 
season the Jake Bluff kill was used.  
What is also significant about Cooper is that the animals’ migration route 
is not the same throughout the three kill events. The animals expand their range 
size through time, beginning as a relatively restricted herd and migrating further 
by the time of the next event (Carlson 2013; Graves 2010; Figure 7.4). The 
estimated migration range the southern plains animals are; 400 km for Jake, 800 
km for the lower level at Cooper, 1000 km for the middle, 1000 km for the upper 
(Graves 2010) and 2000 km for Badger Hole. This is evident in both the isotopes 
and the trace elements in the teeth. Despite their widening migration routes they 
repeatedly travel through the Beaver River Complex area. This increase in 
migration and continued travel through the Beaver River area necessitated 
preplanning on the part of the hunters to place people in the same location as the 
bison and the arroyos at the proper time of year to engage in a successful large 
scale kill event. A significant amount of planning would be necessary to gather 
groups together to take advantage of the migrating resource. 
Badger Hole is the most recent Folsom kill at the Beaver River Complex 
dating to 10,347 ± 16 
14
C BP. This site marks the last communal kill event 
preserved at the Beaver River Complex. The isotopes and trace elements at 
Badger Hole show a continued trend in widening migration patterns of the bison. 
Following the pattern set out by hunters less than 200 years prior, the people at 
Badger Hole maneuvered bison into an arroyo trap and killed over 10 animals, 
and likely substantially more given the size of the arroyo and the amount 
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Figure 7.4. Map demonstrates increasing migration range through time with 
round trip distance in kilometers. 
 
of bison remains discovered out of context in the trench to the west of the intact 
portion of the kill site.  
While studying the stable isotopes on the southern Plains an increase in 
migration is seen to occur through time (Figure 7.5). The bison tooth trace 
element analysis confirms this with a widening range of migration. The data 
outlined above provides a picture of a developing kill technique that extends 
from the last years of Clovis to the end of the Folsom period. Hunters developed 
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a kill technique from a resident herd arguably held in refugium that enabled the 
successful hunting of a substantial number of animals. Later hunters adapted to 
the widening migration routes of their prey species by planning kill events that 
took advantage of a predictable resource and landscape feature at the proper time 
of year to carry out a successful large scale kill at these sites that was late 
summer/early fall.  
 
 
Figure 7.5. This graph depicts the stable isotope data for all southern Plains sites 
analyzed.  
 
Expanding bison numbers led to ever-increasing migration ranges that 
Folsom hunters had to consider when scheduling hunts. During this time, the 
archaeological record shows that communal Folsom bison kills only occur in late 
summer/early fall on the southern Plains, to the exclusion of the other seasons 
and regardless of the size of bison migration territory.  This suggests that Folsom 
hunters did not perform communal kills at other seasons of the year on the 
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southern Plains, highlighting the singularity or uniqueness of the seasonality of 
these large-scale kills. The implication is that Folsom hunters did not plan 
communal hunts for the remaining seasons or along the rest of the migration 
routes of these animals. Leaving the rest of the year and territory open for 
encounter hunts by dispersed small groups as evident at the Waugh site’s late 
spring kill of 6 animals (Hill and Hofman 1997) and Lubbock Lake winter kills 
of 2 to 3 animals at a time (Johnson 1987). The trace element results provide a 
means to approximate the size of bison ranges to be considered in this Folsom 
adaptation. The stable isotopes provide a measure of the structure of the 
grasslands across the migration range. 
Northern Plains 
The northern Plains provides a view of Folsom to Goshen time periods in 
which the environment has stabilized during the Younger Dryas and the 
adaptation to communal kills has already been established. The re-dated sites 
once thought to mark the earliest communal kill sites on the northern Plains now 
fall into a more established period of hunting adaptation. The environment on the 
northern Plains is more stable through this period and the earliest kill sites 
comparable to Jake Bluff on the southern Plains are absent from this study. The 
samples also come from three various regions on the northern Plains rather than 
representing one kill complex as kill complexes like the Beaver River Complex 
are archaeologically rare. The new dates for the three northern Plains sites place 
the earliest site at Carter/Kerr-McGee’s Folsom level 10,560 ± 18 
14
C BP, nearly 
the same time as the middle kill at Cooper.  
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Looking at the stable isotope results for the northern Plains (Figure 7.6) 
The Folsom level at Agate Basin and Mill Iron appear to contain a more resident 
herd than the bison at Carter/Kerr-McGee. However the outlier at Carter/ 
Kerr/McGee is a young individual under 2-years-old and the isotope results are 
consistent with a nursing calf. After re-dating the materials at Carter/Kerr-McGee 
the bone assemblage was likely mixed with the Cody assemblage. Since 
landscape deflation is not uncommon in the region, the two dates correspond 
with two separate kill events. Since Carter/Kerr-McGee did not have teeth 
preserved with reliable provenience it is difficult to say if the migration of 
animals can ever be determined at the Folsom level. Further analysis at the Cody 
level however would likely result in interesting data and should be considered for 
future research. The Agate Basin Folsom material and the Mill Iron Goshen 
material appear to be the more resident of the northern Plains reflecting a 
migration pattern similar to that of Cooper.  
 














Comparing South to North  
 In order to gain a clearer understanding of the differences of the northern 
and southern Plains I will compare the two in this section. Figures 7.7 and 7.8 
provides the entire data set of both northern and southern Plains data analyzed. 
As the graph depicts Northern Plains data indicate a stable cool, wet environment 
during the period analyzed. While southern Plains sites begin with dry, hot, high 
C4 grasslands, which gradually become cooler and wetter over time. The bison 
also increase their migration patterns on the southern Plains.  
 
 
Figure 7.7. The isotopic results of the Northern and Southern Plains sites shown 































Figure 7.8. The southern Plains sites on the top from youngest to oldest at the 
bottom, and the northern Plains sites on the bottom also listed from youngest 
with Agate Basin to oldest with CKM. This graph depicts the increasing cool wet 
environmental grasslands on the southern Plains compared to the stable cool 
moist conditions seen on the northern Plains.  
 
Bison Migration Distances 
Given the unclear trace element results of the northern Plains samples, 
further analysis is necessary to try to determine migration extents in that area. 
Since scant preservation is common in the Paleoindian record I use the data 
presented in the southern Plains to create a model for estimating migration 
magnitude on the northern Plains where trace element data is incomplete. Bison 
herd mobility increases through time on the southern Plains. Bison movement 
decreases from CKM and then appears to be remain the same between the herds 
at Mill Iron and Agate Basin (Figure 7.9).   









%C3                                               %C4 
Cool and Wet                          Hot and Dry 
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Figure 7.9. Coefficient of variance of northern and southern Plains sites 
combined.  
 
A cross plot of southern Plains stable C isotopic CV (Figure 7.10) by the 
round trip migration distance determined by trace element analysis (Graves 
2010) including Badger Hole data added in Chapter 6, produces a regression line 
and equation with an R
2
 of .7955 (Figure 7.10). The southern Plains data 
indicates that CV and migration round trip distance co-vary to such an extent that 
if the CV is known, the migration round trip distance can be estimated. Applying 
the linear regression equation from the southern Plains Beaver River Complex 
sites to the northern Plains CV’s suggest that the animals at the Carter/Kerr-
McGee, Mill Iron, and Agate Basin sites followed migration routes with round 
trip distances of 1905 km, 690 km, and 800 km, respectively. Carter/Kerr-
McGee’s wide range territory could be accounted for if the outlying isotopes are 
from a bull with an idiosyncratic migration pattern different from the typical 

















herd. A larger sample size would aid in clarification of this issue. However, 
Carter/Kerr-McGee’s Folsom level does not contain a large suite of bones to 
sample. None of the northern Plains herd data implies that the animals were 
residential. Although the exact route of migration cannot be determined at this 
time, the predicted size of migration is sufficiently large to have prompted 
Paleoindian hunters to plan in advance the interception of these herds.  
 
 
Figure 7.10. Plot of CV of southern Plains sites to the round-trip migration 
distance  estimate of those herds based on geo-mapping from trace elements 
(Graves 2010), creating a linear regression equation to estimate northern Plains 
migration round trip distances.  
 
Future Research  
 Future research needs to include further development of the methods 
concerning trace elements. This method has proven difficult to develop from the 
Paleoindian period where samples are scarce and quality often questionable. 
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Samples from modern and Late Prehistoric period sites need to be analyzed to 
better develop trace element methods. Trace element analysis has a great deal of 
potential in the study of migratory and prey animals and their interactions with 
people, but a great deal more research needs to be conducted to further hone our 
understanding of trace elements in bovid teeth and more recent samples would be 
a better place to start.  
 Redefining the chronology of Paleoindian Plains’ sites is a crucial next 
step in understanding the development of bison hunting through time. The 
chronology we have used for decades to understand hunting needs to be 
reassessed. When the temporal context of sites can be clarified only then can we 
look to understanding the development of early bison hunting by analyzing the 
earliest sites to determine what factors trigger changes in the hunting system. 
Additional studies necessary in the Paleoindian period to help increase out 
understanding of bison hunting development include further analysis of sites that 
overlap transitional environmental periods such as the Younger Dryas, the 
Bolling/Allerod and the later Anathermal. A study of sites, which overlap these 
time periods would enable an even clearer understanding of environmental 
changes linked to hunting adaptation.  
Studies similar to the study laid out here would also be useful in more 
recent sites to compare changes through time and reactions to changes in 
environment. Additionally a complete analysis of all kill levels on the northern 
Plains would provide ample information on the changes seen to occur on the 
northern Plains through time with the same resolution as the southern Plains 
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results provided here. Agate Basin and Carter/Kerr-McGee have multiple kill 
levels from different time periods that should be further analyzed to demonstrate 
the extent to which people were exploiting migratory resources and how those 
migrations played into the development of the large scale kill system. This study 
set out to understand the development of these hunting techniques and therefor 
focused on the earliest kill deposits at the sites. Unfortunately the earliest 
deposits are often the most incomplete and subject to diagenetic alterations. Later 
kill deposits though still Paleoindian, are more complete with more samples 
suitable for both trace element and stable isotopic analysis.  
Summary and Conclusions 
 On the southern Plains in a kill complex used for over 500 radiocarbon 
years (300-600 cal years) we see a communal kill system develop from resident 
herds of bison to migratory herds. This kill technique developed out of a period 
of environmental stress and continued into a more stable time period. Hunters 
adapted hunting strategies around the changing herd sizes and migratory 
behavior as well as the rapidly changing environment. The butchering program 
on the later southern Plains sites are focused on choice cuts of meat during the 
Folsom period and would have resulted in other elements being left behind. This 
indicates that the hunters were not necessarily pressed for resources.  
On the northern Plains the clear picture of development is absent and the 
later seasonality (late fall/ winter kills) indicate that the same system developed 
but perhaps for different reasons. The need to prepare for near glacial winters on 
the northern Plains may have been more of a driving force in the development of 
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this large-scale kill technique. This is also evident in the complete disarticulation 
of animals seen in all cases on the northern Plains.  More of the animal resources 
were being exploited at these kills. The kill itself still contains all necessary 
elements to bring people together to reach a common, though perhaps more dire, 
goal. Obtain resources for the winter, while meeting the social needs of group 
aggregation.   
 Animal migration routes can only be estimated through model application 
on the northern Plains. However, the isotopic results indicate animals were 
migrating similar distances to those at Cooper, though not to the extent of the 
animals at Badger Hole on the southern Plains.  
 In conclusion suitable topographic settings with arroyos in grasslands in 
which bison migrate through yearly provide all of the necessary factors to enable 
communal hunting of bison. Aggregations must have occurred in the Paleoindian 
period to meet the multiple social needs of the group. A bison kill provides all 
necessary qualification to meet the needs of a large group of people. Under the 
theoretical framework of behavioral ecology environment plays a crucial role in 
the development and change of hunting techniques through the early Paleoindian 
period. Drastic environmental changes lead to new adaptations to increase herds 
of bison on the landscape. Bison hunters shifting from Clovis to Folsom on the 
southern Plains indicate a decrease in point size as they adapt their hunting 
toolkit to shifting prey from mammoth to bison. Folsom and Goshen point styles 
are ideal for the hunting of bison on the Plains. The Folsom period marks the 
beginning of this adaptation, which develops and continues until the near 
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extinction of the bison with the encroachment of European settlers during the 
early historic periods. The communal kill adaptation, which begins in the Folsom 
period marks one of the most successful hunting techniques ever to be employed 
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